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Inversion of Sucrose in Sugarcane Stalk 3 

Tlio sugar yields were* cal(Milatod by means of th(‘ Winter-Carp- 
(ieerligs formula G^), the simplifiecJ method dc'veloped by Arcenoaux 
{!) being us(‘d. The yichls wcTe corrected for loss in wedght of stored 
cam*. Varietal milling factors were not used in connection with any 
of tin* calculated yields. 

In certain instances, the yields of sucrose per ton of cane for the 
wholt*-stalk samph* wer(* calculat'd from data obtained from the 
s(‘clioned samph*. Tlu* yields were first calculated for the individual 
s(‘ctioned sampl(‘, corr(‘cted for weight loss in case of stored sarnph^s, 
and multi])lie(l by a ratio factor obtained by dividing th(‘ original 
\\eight of the s(*ction(Ml sample by the original weight of tin* whole- 
stalk sampl(‘. The yields thus obtained from th(‘ three sections of a 
])articular sample W(Te added to obtain the yirdd for the whoh‘-stalk 
sampl(‘. Tn <'ach of the experiments tin* ratio factors were obtained 
from the s(‘ction(*d check samples and the samples sectioned b(*forc 
storage. Thf‘ ratios of the top-, middle-, and t)ottom-section weights 
to th(' w(‘ight of the wlioh'-stalk sample, expressed as perc(»ntages, 
w(‘re v('rv constant in tlu* sam])les of a given (‘xperiment and fairly 
constant from experiimmt to exp(‘riment (table 1). 

I'mo.e 1 AvdiUjv inujhls of v'h(d(-stalk 'iamphs^ the ratio factors of sectioned 
snniplis, and the standard (iiois of these factors 


j'riut ;iii<l ralioi, aro tln' jucrapps of tho soflionod cfjock samples and those seefloned before .siorate 

in each ofexperimeTits at the tune llie\ were initiate*!] 
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Tliese same lactors vere u>ed to calculate the probable original 
weiglits of sectioned samples of cane sectioned after storage. The 
initial weight of the whole-sttilk sample and the weights of the sample 
sectioned after storjige being known, it was possible to calculate the 
percentage loss of weight in the top-, middle-, and bottom-third 
sections of the whole-stalk sample. 

The inverse (‘orrelation between the percentage of increase in Brix 
and the jiercentage of loss in weight during storage w as calculated for 
the to]) and bottom portions of cane sectioned before storage, the data 
obtained from all five ex|)eriments being used. The correlation coeffi¬ 
cient and standard error for the lop sections were 0.949 and 0.0113 and 
for the bottom sections 0.890 and 0.003, respectively. The percentage 
of increase in Brix, of course, is not equivalent to the percentage of loss 
in weight, but it definitely indicates the trends in loss in weight. 
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INVERSION OF SUCROSE IN THE DIFFEREOTT^RTS 


OF THE SUGARCANE STALK ‘ 


lU J. I. Lauritzen, senior physiologist^ Division of Sugar Plant Investigations^ 
Bureau of Plant Industry^ and R. T. H\L{ h, senior chemisty Carbohydrate Re¬ 
search DivisioHy Bureau of Agricultural Chemistry and Engineeringy United 
States Department of Agriculture ^ 

INTRODUCTION 

As su^Rrcano {Saccharum spp.) maturos, tin* sucrose content tends 
to become more or b'ss equal throughout the millablc portion of the 
stalk. In Louisiana, as in many Temperate Zone and some Torrid 
Zone sngar-producing countries, sugarcane nev(U* reaches maturity. 
If the stalk, as it is prepared for the mill,® is sectioned into three equal 
lengths and (^ach s<‘ction analyzed separately, it will be found that 
tluTe is a considerable gradient in sucrose content from the top to the 
middl(‘ to tin* bottom section, the srnall(‘st amount being in the top 
third and th(‘ largest in th(‘ bottom third. As a rule, the diffenuice is 
greater b(*tw(‘eii the top and middle thirds than between the middle 
and bottom thirds. This gradient varies with the variety and the 
maturity of tlu'cane. Tlu're also is an obvious difference in the vege¬ 
tative condition of the tissues in these three parts of the cane stalk, 
particularly betw(*en the top and the bottom thirds, the middle third 
n'sembling more (‘losely the bottom section. The top third is gre('ner, 
softer, and more active physiologically than the other two sections. 

The obj(*ct of the investigation reported herein was to determine 
what bearing, if any, this difference in sucrose content and V(‘getative 
condition has on imersion of sucrose in harv(*sted sugarcane. 

REVIEW OF LITERATURE 

C\)at('s (J) report(‘d more inversion of sucrose in the top third than 
in the bottom third of the stalk of certain varieties of sugarcane (P. O. 

3() and V. (). J. 234) when whole stalks W(»re stored in the shade and 
s(‘ctioned and analyzed after different periods of time. Cross and 
Harris f ^),working in Argentina, indicated that in the varieties P. O. J. 
3(), P. () d. 213, P. O. d. 234, P. (). d. 139, Kavangire, and (Violla tin* 
upper half of the stalk had a smaller sucrose content than the lower 
half. AVhen samples of the upper and lower halves of 10 stalks of 
tlu'se \arieties W(‘re stored for 10 days under comparable conditions, 
the p(‘rc(‘ntage of inversion w^as greater in the upper half than in the 
knvi'r half in all varieties except Criolla. In the case of (Violla the 

' Rficpivt*(l for publK ition \pnl 1940 

r Foi someof the Bri\ innl> M'sandl he apparent sue rose ainhsps the writers arc indebted to U. B Bisland 
Hid 1) 1) ^uUiMint, both formerb of the I)i\ ision of NiRai Plant ln\ estimations, Bureau of Plant Industry, 
I S Depirtment of Vmnculture 

' In the prepaiAtion of bumannne lor the indl the stalk is cut otT at the sround le\el, stripped ('f its leaves, 
and topped at a point as near the terrnirnl binl as is instih ible from the standpoint of sucrose content 
Chaiwe in color and appearance of the stalk h is 1)1*011 used as an indication of this point This point, or more 
iU)propnate'> region, ino\es up the stalk as the cane matures Recently the point of topping has been in¬ 
fluenced by the manner of maturing in different \ irieties (S) < In connection with the experimental work 
leported in this paper, the point of cutting was marie os unifoim as practicable 
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inversion was greater in the lower half of the stalk than in the upper 
half in two out of three experiments. In all varieties the weight loss 
during storage was greater in the upper half of the stalk than in the 
lower half. Cross and Harris state that inversion was due to inver- 
tase present in the cane and that the concentration of invertase was 
relativ(*ly higluT in the upper part of the stalk than in the lower part, 

MATERIAL AND METHODS 

Five experiments were conducted at Houma, La., during 4 years, 
1932, 1933, 1934, and 1936, in which whole-stalk samples and one- 
third-stalk samples from the same lots of cane were placed in storage. 
In the first two experiments the samples were stored under controlled 
conditions of temperature and humidity, and in the last three experi¬ 
ments they were stored in the shade in an open shed. In the first two 
experiments sectioned and whole-stalk samples W(‘re stored in separate 
piles on a rack, the stalks lying parallel with all the cut ends exposed 
to the air; in the last three the samples were stored one layer thick on 
a rack, one whole-stalk sample altcnnatiug with the sections of another 
sample, the ends of the sections being separated by 4 to 6 inches. This 
latter arrangement was adopted in order to insure a mon^ uniform 
evaporation from all samples than obtained in samples stored under 
controlled storage conditions. 

Shade was provided by m(»ans of a shed 20 f(H't wide, 50 feet long, 
and 8 feet high, facing north, open in the front, and with provision 
for opening the lower 4 feet of the back. 

Constant temperature' was maintaim'd in insula tc'd rooms 10 feet 
wide, 12 feet long, and 9.5 feet high by means of rc'frigeration and 
electrical heating units thermoe'lectricaUy controlh'd. Humidity con¬ 
trol was obtained by using water humidifiers and calcium chloride 
dryers. 

The variety P. 0. J. 36- M was used in four experinu'nts and Co. 290 
in one. 

In a given experimt'nt a quantity of sugarcane from a plot of uni¬ 
form stand was harvested and thoroughly mixed as it was placed in 
a long pile, the stalks lying parallel with the butts in one direction. 
Samples consisting of 30 stalks each were then stdected by drawing 
stalks at random from the pih'. Both ends of each stalk were trimmed 
so that the cuts were at right angles to the length of the stalk. These 
30-stalk samples were divided into two lots. ^ The stalks of one lot 
were cut into three equal lengths (each whole stalk forming three 
short lengths), while the other lot was lu*ld as whole-stalk samples. 
Check samples were analyzed immediately, and the remaining sec¬ 
tioned and whole-stalk samples were placed in storage. After different 
periods of storage whole-stalk samples wc're cut into three equal 
lengths and analyzed along with samples sectioned before storage. 
In the last experiment conducted (with Co. 290), whole-stalk samples 
were analyzed at the various periods of storage. Five 30-stalk samples 
divided into sections, as well as five of the whole-stalk samples, were 
analyzed for each period of storage, and the results in each case are 
averages of five separate analyses. 

The methods of analysis were the same as those employed in earlier 
work {6), 
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The sugar yields were calculated by means of the Winter-Carp- 
Geerligs formula (5), the simplified method developed by Arceneaux 
{1) being used. The yields were corrected for loss in weight of stored 
cane. Varietal milling factors were not used in connection with any 
of the calculated yields. 

In certain instances, the yields of sucrose per ton of cane for the 
whole-stalk sample were calculated from data obtained from the 
sectioned sample. The yields were first calculated for the individual 
sectioned sample, corrected for weight loss in case of stored samples, 
and multiplied by a ratio factor obtained by dividing the original 
weiglii of the sectioned sample by the original weight of the whole- 
stalk sampl(\ The yields thus obtained from the three sections of a 
particular sample were added to obtain the yield for the whole-stalk 
sample. In each of th(‘ experiments the ratio factors were obtained 
from the sectioned check samples and the samples sectioned before 
storage. The ratios of the top-, middle-, and bottom-section weights 
to the wedght of the wliole-stalk sample, expressed as percentages, 
were very constant in the samples of a given experiment and fairly 
constant from experiment to experiment (table 1). 

Table Average weights of whole-stalh sample,Sy the ratio factors of sectioned 
sampleSy and the standard errors of these factors 


['Phe weights and ratios are the averages of the seetioned check samples and those sectioned before storage 
in each of 5 experiments at the time they were initiated] 




Samples 
used in 
calcu¬ 
lations 

Average 

1 Ratio of w'eight of sec'tioiis to weight of 


T)ate ex* 

weight of 


w'hole stalks 


Vanet y 

|)eriment 

wrholc- 




started 

stalk 

.samples 

Top 

Middle 

1 Bottom 


im 

Xn rnber 

Pounds 

Percent 

Percent 

Percent 

P 0 _ 1 

1 )ec* 8 

25 

46 53 

28 97± 28 

33 57=fc 08 

37 46± 36 

1 

1 

im 






Do . . . 

1 Nov. 8 

40 

48 94 

2H.m±.23 

33.35±. 12 

37.79± 25 



Do. 

Nov 2 

25 

48 10 

28 83=fc 23 

34 39:t.09 

36.76± 16 

Do . 

Nov. 28 

15 

52 90 

30 59=fc 51 

33 44±. 40 

! 35.97=fc.l9 


me 






Co 290 ... . .. 

Oct 30 

20 

71 70 

29 70rt 15 

33 18±.09 

37 13±. 19 


These same factors were used to calculate the probable original 
weights of sectioned samples of cane sectioned after storage. The 
initial weight of the whole-stalk sample and the weights of the sample 
sectioned after storage being known, it was possible to calculate the 
percentage loss of weight in the top-, middle-, and bottom-third 
sections of the whole-stalk sample. 

The inverse correlation between the percentage of increase in Brix 
and the percentage of loss in weight during storage was calculated for 
the top and bottom portions of cane sectioned before storage, the dato. 
obtained from all five experiments being used. The correlation coeffi¬ 
cient and standard error for the top sections were 0.949 and 0.033 and 
for the bottom sections 0,890 and 0.063, respectively. The percentage 
of increase in Brix, of course, is not equivalent to the percentage of loss 
in weight, but it definitely indicates the trends in loss in weight. 



4 Journal of Agricultural Research voi. 6i, No. i 


In certain instances the percentage of loss of sucrose in juice was 
calculated. In obtaining these values the apparent sucrose in juice 
from stored samples was corrected for weight loss before the percentage 
of loss was determined. 

The statistical calculations given in tables 2 and 3 are based on the 
analysis of variance. The values given represent the difference in 
purity required for significance when P=0.05 and when JP=0.01;in 
other words, the differences given may be expected to occur by chance 
alone 5 times in 100 when P—0.05 and 1 time in 100 when P—0.01. 

EXPERIMENTAL DATA 

Results obtained in connection with other experiments show that 
the loss in weight is primarily due to the loss of moisture and that the 
loss of moisture from cane of a given variety is a function of tlie 
saturation deficit of the air, independent of temperature, at least over 
a range of 45° to 65° F. (7.2° to 18.3° C.). In earlier work {6, 7) it 
was shown that loss of moisture is an important factor in bringing 
about inversion of sucrose in sugarcane, and, conversely, the inhibition 
of moisture loss by sprinkling or by storage at high liumidity checks 
inversion. These results are confirmed by data obtained in connection 
with two of the experiments reported in this paper. In one experiment 
the samples were stored at relative humidities of 96 and 72 percent 
at 65° F. and in the other at relative humidities of 98 ami 71 percent 
at 66°. The high humidity materially checked inversion in both 
experiments. Because no other significant conclusions can be drawn 
from the data obtained from samples stored at high humidities, these 
data will not be presented. 

The data obtained from cane stored at temperatui es of 65° and 66° 
F. and relative humidities of 72 and 71 percent, respectively, and under 
dry conditions in the shade (tables 2, 3, and 4, and figs. 1 and 2) 
reveal some interesting relationships. 

Because of the profound effect drying out of cam' has on inversion 
of sucrose in somt> varieties (P. O. J. 36-M bidng onc') and the fact 
that there is consuh'rable loss of moisture through the cut (‘uds of 
the stalks (8), it was expected that there would be more loss of mois¬ 
ture and hence greater inversion of sucrose' in cane store'd as sections. 
The total percentage of loss in weight of the three sections was greatc'r 
than that of the whole-stalk samples in three of the four experiments 
(Nos. 3, 4, and 5, but not in No. 2, table 4), in which the tiim' factor 
was comparable. In the experiment in which the exce])tion occurred 
(No. 2), the samples were piled upon each other, thus preventing 
uniform exposure, whereas in the other three experiments the exposure 
of all samples was similar. It was concluded that- the manner in 
samples were stored may have been responsible for this 
difference in weight loss in the different expc'riim'nts. That this 
conclusion is justified is indicated by the greater variability in loss 
of moisture and inversion of sucrose in experhnent 2 than in the other 
three experiments. The amount of inversion in an individual sample 
of experiment 2 was definitely associated with the amount of moisture 
loss. 

• combined loss of sucrose from the threci sections of cane sec¬ 
tioned either before or after storage was correlated in the main with 
the total loss of moisture (table 5). 



PERCENT 





DURATION OF STORAGE (DAYS) 

Figure 1.—Loss in weight, increase in Brix, and drop in apparent purity in the 
top-, middle-, and bottom-third portions of the sugarcane stalk sectioned 
before and after storage: A, P. 0. J. 36~M, plant cane, stored from December 8 
to 21 and December 30,1932, at a temperature of 65° F. and a relative humidity 
of 72 percent; B, P. O. J. 36“-M, first-year stubble, stored from November 8 
to 29, 1933, at a temperature of 66° and a relative humidity of 71 percent. 
Analyses were made at different intervals during storage. 









Table 2. —Analysis of juice from lop-t middle-^ and bottom-third portions of the sugarcane stalk (P. O. J. 36-M) sectioned before storage and 

after storage under conditions of controlled temperature and relative humidity 
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Table 3 .—Inversion of sucrose as related to loss in moisture in the top-, middle-, and bottom-third portions of the sugarcane stalk sectioned before 

storage and after storage in the shade for different periods 
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Table 4—Loss in weight, increase in Brix, loss of sucrose in juice, and loss of available sucrose in the top-, middle-, and bottom-third portions 

of the sugarcane stalk sectioned before and after storage 
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TOP MIDDLE BOTTOM 



Figure 2.—^Loss in weight, increase in Brix, and drop in apparent purity in the 
top-, middle-, and bottom-third portions of the sugarcane stalk sectioned before 
and after storage: P. O. J. 36~M, second-year stubble, stored from November 
2 to 16,193^ B, Co. 290, first-year stubble, stored from October 30 to November 
16, 1936. The cane of both varieties and treatments was stored in the shade 
and analyzed after different periods of storage. 
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Contrary to expectation, there was a greater drop in purity during 
storage (tables 2 and 3 and fip. 1 and 2) in the top third of the stalk 
of cane stored intact than in the top third stored as a section, and the 
reverse tended to be true of the bottom third. The relationship 
was very significantly true for P. O. J. 36-M, but it was less si^iifi- 
cantly so for Co. 290. The percentage of loss of sucrose in juice 
from P. O. J. 36~^M (table 4) showed the same relationship as did 
the drop in purity. During the first period of storage there was a 
much greater loss of sucrose in Co. 290 in the top third of the stalk 
stored whole than in the top third stored as sections, but by the end 
of the second and third periods it was equal or slightly less. During 
most of the periods of storage there was a greater loss of sucrose in 
the bottom third of cane stored as sections than in the bottom third 
stored as whole stalks. Associated with these trends of inversion of 
sucrose in the top and bottom sections of the cane stalk, was a greater 
loss of moisture and increase in Brix in the top third of cane stored 
as whole stalks than in the top third stored as sections and in the 
bottom third of cane stored as sections than in the bottom third 
stored as whole stalks (table 4 and figs. 1 and 2). It would seem, 
therefore, that the loss of moisture in this instance, as in others, was 
a determining factor in bringing about inversion of sucrose. An ex¬ 
planation of the greater loss of moisture during storage in the top 
portion of an intact stalk of cane than in the top third of the 
stalk stored as sections and of the reverse tendency in the two treat¬ 
ments of the bottom third of the stalk is tentatively oifered. The data 
indicate that there was a movement of water from the top to the bottom 
part of the stalk when intact and that this movement involved a 
greater loss of moisture from the top third than would have been the 
case if it had been severed from the remainder of the stalk. This 
movement of moisture may be accounted for by the difference in the 
osmotic press\ire of the different parts of the cane stalk. Freezing- 
point data obtained in connection with varieties P. O. J. 36-M, 
Co. 281, and Co. 290 indicate that the osmotic pressure of the bottom 
and middle third of the stalk is always greater than that of the top 
third and is generally greater in the bottom than in the middle third. 

In cane stored as wliole stalks the percentage of loss of moisture 
and the increase in Brix tended to be greatest in the top third, next 
greatest in the middle third, and least in the bottom third. Such a 
trend might have been expected because of the physical difference in 
the three sections. The drop in purity (tables 2 and 3) and the per¬ 
centage of loss of sucrose in juice and of available sucrose tendea to 
follow the same trend (table 4 and figs. 1, 2, and 3), particularly 
during the early period of storage. The sectioning of the cane before 
storage disarranged the trend in moisture loss and increase in percent¬ 
age of Brix; a sunilar disarrangement occurred or tended to occur 
with the drop in purity and the percentage of loss of sucrose in juice 
and of available sucrose. This disarrangement would seem to have 
resulted from the interruption of the movement of moisture from the 
top to the bottom part of the cane stalk, thus diminishing the loss of 
moisture in the top third and increasing it in the bottom third. In 
all five experiments this shift in loss of moisture resulted in a greater 
loss of moisture and consequently a greater increase in Brix in the 
top and bottom sections than in the middle section. There was a 
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corresponding shift in the drop in purity and percentage of loss of 
sucrose, and in throe of the experiments these values were greater 
in the top and bottom sections than in the middle section. The 
increase in invert sugars in the different sections of both treatments 
in the two experiments in which they were determined (table 2) 
indicated the same trends as did the drop in purity and percentage 
of loss of sucrose. In most instances (table 2) a loss of total sugars 



B'igxjre 3. —Loss of available sucrose in pounds and in ])ercentage as related to 
whole-stalk samples sectioned into one-third lengths after storage and^then 
analyzed {A) and to samples sectioned before storage and analyzed after 
storage (B). 

wras indicated. This loss of sugars is regarded as having resulted 
from respiration. 

There was a slight tendency for the percentage of increase in Brix 
as related to moisture loss to be accentuated in the top third of cane 
stored as whole stalks as compared with that in the top third of cane 
stored as sections. This tendency was reversed in the two treat¬ 
ments of the bottom sections. These observations suggest the possible 
movement of solids in cane stored as whole stalks and, in view of the 
greater drop in purity in the top third of this cane, of invert sugars 
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from the bottom to the top part of the stalks, or a greater consump¬ 
tion of solids by respiration in the top third of cane sectioned before 
storage. It is hardly conceivable that there would be a movement of 
invert sugars, for they would have to move against a gradient of 
concentration. It seems possible that, because of additional wound¬ 
ing in the top sectioned before storage, respiration may have been 
accelerated. It is also possible that some other conditions may be 
responsible for the apparent accumulation or disappearance of solids. 

Thus far the rate of loss of sucrose as measured by the drop in 
purity and the percentage of loss of sucrose in juice and of available 
sucrose only have been considered. The actual loss of sucrose and 
the loss of available sucrose arc matters of practical importance to 
the sugarcane planter. Although in a given case the rate of loss of 
sucrose may be greater in the top third of the sugarcane stalk than 
in the bottom third, the number of pounds lost may be greater in the 
bottom third than in the top third (fig. 3). This will be appreciated 
when it is realized that rate or percentage loss of sugar is dependent upon 
the initial concentration of sucrose present in the different sections. 

SUMMARY 

The data prosent('d relate to inversion of sucrose and to changes in 
moisture content, and in Brix in the top-, middle-, and bottom-third 
lengths of the sugarcaiu* stalk when sectioned into thirds and stored 
and when stored intact and sectioned after storage. In two exper¬ 
iments cane of both treatments was stored under controlled conditions 
of ieniiierature and humidity, and in three expcTimenis it was stored 
under dry conditions in the shade. 

Tlure was less inversion of sucrose in all samples stored at high 
relative humidities than in corresponding samples stored at low rela¬ 
tive humidities. 

In general, the rate of inversion of sucrose was correlated with the 
rate of loss of moisture. 

In most instances there was more total loss of moisture and inversion 
of sucrose from the three sections in samples sectioned before storage 
than in samples sectioned after storage. The exception seemed to be 
due to the lack of uniform exposure of samples to the evaporating 
power of tlie air. 

In cane stored as whoh* stalks there tended to be a gradient in the 
percentage of loss of moisture, percentag(' of increase in Brix, drop in 
purity, and percentage of loss of sucrose; these chxinges being greatest 
in the top, next greatest in th(» middle, and least in the bottom section. 

In cane sectioned before storage this gradient was disarranged so 
that these changes tended to be greater in the top and bottom sections 
than in the middle section. 

In the experiments in which the variety P. O. J. 36“M was used 
there was greater inversion in the unsevered top third of the stalks 
than in the severed top third. On the contrary, during the early peri¬ 
ods of storage there was greater inversion in the severed bottom third 
than in the unsevered bottom third with the difference decreasing and 
sometimes disappearing with lapse of time. The behavior of the 
variety Co. 290 was similar to that of P. O. J. 36-M except that the 
differences were not so marked and after the first period of storage 
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there was a decrease in the difference in the top sections instead of in 
the bottom sections. 

Correlated with these trends of inversion of sucrose in the top- and 
bottom-third sections of the sugarcane stalk was a greater loss of 
moisture and increase in Brix in the top third of cane stored as whole 
stalks than in the top third stored as sections and in the bottom third 
of cane stored as sections than in the bottom third stored as whole 
stalks. 

Because of the difference in concentration of sucrose in the different 
parts of the sugarcane stalk, the actual loss of sucrose may not corre¬ 
spond to the rate of loss. It is only when the rate is much greater in 
the sections with the lower concentrations that these sections show the 
greatest loss of sucrose. 
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SALT BALANCE IN IRRIGATED AREAS» 

By Carl S. Scofield 

Principal agricuUuristy in charge^ Division of Irrigation Agriculture^ Bureau of 
Plant Industry^ United States Department of Agriculture 

INTRODUCTION 

It is generally recognized that the use of saline irrigation^water 
involves the danger that soluble salts may accumulate in the irrigated 
soil to its detriment. The artificial drainage of irrigated lands thus 
has two objectives: (1) The removal of surplus w'ater, whether 
surface or subsoil accumulations, and (2) the removal of surplus 
dissolved salts that might otherwise accumulate in the soil solution 
of the root zone or in the subsoil water immediately below the root 
zone. The effectiveness of a drainage system is to be judged by the 
conditions of crop growth and by field observations made to ascertain, 
not only whether the surplus water is being removed, but also whether 
the drainage water is carrying away approximately as much dissolved 
salt as is being carried to the land by the irrigation water. 

The objectives of the present paper are to describe methods and 
results (1) of field observations made to ascertain the quantities of 
dissolved salts carried to and removed from certain representative 
irrigiited areas and (2) of a salt-balance experiment made at the 
Rubicloux Laboratory, Riverside, Calif. 

In recording field observations, the relationship of salt input to salt 
output is designated as the salt balance for the area. If the mass of 
the salt input exceeds the mass of the salt output the salt balance is 
regarded as adverse, because this trend is in the direction of the accu¬ 
mulation of salt in the area and such a trend is manifestly undesirable. 

To illustrate the use of these methods of determining the trend of 
salt-balance conditions, three irrigated areas have been selected, 
two of which are irrigated from the Rio Grande in the vicinity of El 
Paso, Tex., and the third from the Colorado River in the vicinity of 
Yuma, Ariz. These areas were selected for investigation because in 
each case the salinity of the irrigation water is relatively high, aver¬ 
aging approximately 1 ton of dissolved salts in an acre-foot of water, 
and because in each case it has been possible to measure the volume 
of input as irrigation water and the volume of output as drainage 
water and to obtain representative samples of each for analysis. 

The data for the years of record for each irrigated area are presented 
in this paper. They show the trend of salt-balance conditions for 
each area not only in respect to the total dissolved JsoUds but also 

^ Received for publication April 10, 1940. The data presented herewith eonoeming the salt 
the Mesilla Valley and the El Paso Valley have been obtained throuKh a cooperative investiiration con* 
ducted by the Bureau of Reclamation, U. S. Department of the Interior, and the Division of Irrigation 
Agriculture. Bureau of Plant Industry, U. S. Department of Agriculture. The data as to the disraarge 
of the stream at the gaging stations have been reported by the Bureau of Reclamation and the XT. S. S^tion, 
International Boundary Commission. United States ana Mexico; and the water samples, collated at least 
once a week at each gaging station, have been t^en by the same agencies. The analyses of the water 
samples and the computation and compilation of the findings have been made by the Bureau of Plant 
Industry. This cooperative investigation has been carried on since February 1930, but because the sam¬ 
pling program during that year was not continuous, the period of the present report bCt-rins with January 1931. 
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in respect to eacli of the seven more important salt constituents. It 
is obvious, however, that these data as to salt input and salt output 
for the irrigated area as a whole may not give a true picture of the 
trend or rate of change of salt conditions in the root zone of the soil, 
and it is the conditions within the root zone that are critical in deter¬ 
mining crop production. Infonnation as to the total quantity of the 
dissolved salts or the quantity of each constituent of the input and 
of the output is not sufficient to show th(' trend of conditions in the 
root zone of the soil, Infonnation is needed also as to the destination 
of the input salts: how much is absorbed by the crop plants and how 
much passes through the root zone into the subsoil water. Similarly, 
information is needed as to the origin of the output salts: how much 
is derived directly from tlie root-zone leaching and how much from 
the subsoil water that existed in the area prior to the period of record 
or even prior to the period of irrigation. 

The scope of the present field investigation did not include any 
irupiiry as to the volume of or the changes in the concentration of 
salts in the reservoir of subsoil water underlying any of the irrigated 
areas. The data reported must be taken as applying to each area as 
a whole and not alone to conditions in the surface or root-zone horizon. 
Nor does this fic^ld investigation afford information as to what pro¬ 
portion of the dissolved salts carried in th(» irrigation water may be 
absorbed by the crop plants. It has been assumed that this destina¬ 
tion can account for only a small part of the total input when the salt 
concentration of the irrigation water ranges up to 1,000 parts per 
million, or more. 

In order to supplement the field investigation and to obtain some 
information as to the moveiiumt and destination of the salts applied 
to a crop-producing soil with irrigation water, an experime^nt was set 
up and conducted for more than 4 years. The conditions of the 
experim(*nt were such that the volume of irrigation input and of 
drainage output could be measured precisely; also, the concentration 
of dissolved salts in the input and output solutions was carefully 
determined and the crop growth (alfalfa) was harvested and weighed. 
From the data of this experiment, herein reported, it can be shown 
how much of the input water may be dissipated by surface evaporation 
and plant transpiration and how much must be allocated to root-zone 
leaching in order to prevent salt accumulation in the soil. Further¬ 
more, it can be shown what quantity of walor was dissipated by 
evaporation and transpiration for each unit; quantity of crop pro¬ 
duced, and finally how much of the input salt was recovered in the 
drainage or percolate when the soil was leached to its original salt 
content. The difference between the mass of salts in the irrigation 
input and in the drainage output indicates the quantity of salts 
absorbed by the crop plants. 

It is not to be inferred that the data reported from this experiment 
may bo applied quantitatively to field conditions. With the same or 
similar climatic conditions, it is to be expected that the use of land 
for one group of crops would give results differing quantitatively from 
results obtained from its use for another and different group of crops. 
Also it is to be expected that the same or similar groups of crops 
would show different quantitative results when grown under different 
climatic conditions. Notwithstanding these qualifications, it is 
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believed that these data, both from field observations and from a 
controlled experiment, mav lead to a better understanding of the 
factors and relationships that exist in an irrigated area in respect to 
dissolved or soluble salts and to the problem of the adequate drainage 
of irrigated land. 

FIELD INVESTIGATIONS 
METHODS 

Sampling and Analysis 

The water samples involved in the present investigation were taken 
at gaging stations by the hydrographers responsible for measuring the 
stream discharges. At Leasburg Dam, on the Rio Grande, ^e hydrog- 
rapher is employed by the Bureau of Reclamation, United States 
Department of the Interior. Samples were taken approximately once 
a week. Prior to November 1933 each sample was separately analyzed 
in detail. Beginning with November 1933, each weekly sample was 
analyzed only by determining its specific electrical conductance 
(KX10^@25° C.) and then the four or five sarnples for each month 
were made into a composite for detailed analysis. In making up the 
monthly composites the volume of the aliquot taken from each sample 
was proportional to the volume of the discharge it represented. 

At the Courchesne (El l^aso) gaging station and also at the Fort 
Quitman gaging station, the hydrographers are employed by the 
United States Section of the International Bounda^ Commission, 
United States and Mexico. The sampling and analytical program for 
these two stations has been the same as that at Leasburg Dam except 
that since September 1937 the hydrographer at the Courchesne station 
has taken samples daily, determining the conductance of each sample, 
and has then made up the monthly composites, contributing from each 
sample a volume proportional to the discharge represented. Each of 
these monthly composites has then been analyzed in detail. 

For the Yuma Valley, samples of the irrigation supply were taken 
at the Yuma gaging station each week by a hydrographer employed 
by the Bureau of Reclamation. Each sample was analyzed separately. 
Samples of the drainage water discharged from the Yuma Valley were 
taken weekly at the pumping plant located at the international 
boundary, at the south end of the valley. Prior to January 1935 
each weekly sample was analyzed in detail. Subsequently, monthly 
composites were made up after the conductance of each individual 
sample had been detennined, and these monthly composites were 
analyzed. 

The methods of analysis used were those currently in use at the 
Rubidoux Laboratory, Riverside, Calif.^ 

Computation 

In making the computations of the salt burden of a stream at a 
gaging station or of the salt-balance conditions of an irrigated area, 
the essential data include (1) the volume of water passing a given 
point in a given period of time and (2) the concentration and com- 


> Methods and Analysis itskd in the Rubidoux Laboratory, Riverside, California, Ed. 2, rev 
1938. [Mimeographed.] 
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position of the salts or salt constituents dissolved in the water. The 
rate of discharge of an irrigation stream is usually reported in terms 
of cubic feet per second of time (c. f. s.), which values may be con¬ 
verted into terms of acre-feet per day by multiplying them by the 
factor 1.98. The hydrographic reports of stream discharge are usually 
summarized to show discharge volumes as acre-feet per month. In 
the present computations the data of salt concentration and composi¬ 
tion were also (letermined by months, cither by the analysis of a 
monthly composite sample or by computing the mean of the analyses 
of the several individual samples taken during the month. 

The data of the salt burden of an irrigation stream include (1) the 
quantity of total dissolved solids or of total salts and (2) the quantity 
of each of the salt constituents as determined by the detailed analysis. 
In this paper a distinction is made between the “total dissolved 
solids” and the “total salts.” The value for total dissolved solids is 
computed from the results of a gravimetric determination in which 
a measured volume of a filtered aliquot of the water sample is evap¬ 
orated and the residue is dried to constant weight at 105° C. The 
value for total salts is obtained by taking the sum of the gravimetric 
equivalents of the ions determined by the detaih'd analysis. These 
gravimetric equivalents are the products of the values for milligram 
equivalents per liter by the combining weight of each ion referenced 
to hydrogen as 1. In computing the gravimetric equivalent of the 
buiarbonate ion the combining weight is taken as 30.5. 

In general the value obtained for total dissolv('d solids is somc'what 
greater than the value for total salts. The difference may be due in 
part to (1) some water of crystallization held by tlie salt residues, (2) 
some siUca or other constituents not included in the d('tail('d analysis, 
and (3) some dissolved organic matter that may pass the filter.’ In 
the waters of the Rio Grande and the Colorado, the concentrations 
of total salts are usually 90 to 92 p<‘rccnt of those of total dissolved 
solids. When the concentration values for total salts or total dis¬ 
solved solids arc reported as parts per million (equivalent to milli¬ 
grams per liter), these may be converted into tons per acre-foot, bv 
multiplymg by the factor 0.00136. This factor is derived from the 
assumption that an acre-foot of water weighs 2.72 million pounds. 

The concentrations of the seven salt constituents are reported as 
milligram equivalents per liter. In order to convert these values into 
their equivalents as tons per acre-foot, a factor is used that is the 
product of the combining weight of the ion by the factor 0.00136. 
The factors used in these conversions are shown in table 1. 

Thus, if volume of discharge for a month was 10,552 acre-feet and 
the calcium concentration was 4.94 mg. equiv. per liter, the com- 
l^utation for the tonnage of calcium in that volume of water would 

4.94X0.0272X10,552=1,418 tons. 

The dt^a for a gaging station were thus computed for each constituent 
for each month of a year and were tabulated and summarized. These 
annual summaries were then used in computing the weighted mean 
concentration and composition of the dissolved salts carried in the 
water. 
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Table l.—Factoi's for converting concentration values of salt constituents from 
milligram equivalents per liter to tons per acre-foot 


Constituent 


Calcium. 

Magnesium. 

Sodium. 

Carlionate and bicarbonate. 

Sulfate—. 

Chloride... 

Nitrate. 


THE MESILLA VALLEY 
Description 

The area here designated as the Mesilla Valley includes that section 
of the flood plain of the Kio Grande between the Leasburg Dajn near 
old Fort Selden, N. Mex., and the International Dam near El Paso, 
Tex. It is approximately 55 miles long and generally less than 5 
miles wide. Its area is about 110,000 acres, of which approximately 
80,000 are currently irrigated. Of the irrigated area, about 50,000 
acres are devoted to cotton and 20,000 to forage crops, chiefly alfalfa. 
The land surface is about 3,800 feet above sea level. The mean annual 
temperature is 60° F. The mean annual precipitation is about 8.5 
iuelies, most of which occurs during the late summer. 

The irrigation supply for the valley is diverted from the Rio Grande, 
partly at Leasburg Dam, located in the NE}i sec. 10, T. 21 S., R. 1 W., 
of the New Mexico principal meridian, and partly at Mesilla Dam, 
located in the NVVji «ec. 13, T. 24 S., R. 1 E. The water entering the 
valley by the river is measured at Leasburg Dam. There arc no im- 
])ortant tributaries to the river between Leasburg Dam and El Paso; 
conse(|uently, the contribution of water other than that from the 
river comes from the precipitation falling on valley land and on slopes 
adjacent to the valley. The irrigated lands of the valley are served 
by a system of distributing canals fed from one or the other of the di¬ 
version dams on th(» rivc'r. They are served also by a system of open 
drains, aggregating 211 miles in length, that discharge by gravity into 
the river above El Paso. The water leaving the valley by the river is 
measured at the Courchesne gaging station, near International Dam 
and below the lowest outlet from the valley drains. Thus it is pos¬ 
sible to measure and to sample the water 60th as it enters and as it 
leaves the valley by the river. 

Not all of the water carried by the river into the valley is diverted 
into the canals. The river brings in annually about 750,000 acre-feet; 
the annual precipitation in the valley land constitutes about 75,000 
acre-feet, llie annual outflow from the valley passing the Courchesne 
gaging station is about 500,000 acre-feet, of which about 200,000 
acre-feet is contributed irom the valley drains. Thus it may be 
assumed that the annual diversions from the stream may amount to 
450,000 acre-feet, i. e., to the difference between the annual inflow 
and the annual outflow, 250,000 acre-feet, plus 200,000 acre-feet 
returned to the stream through the drains. The annual dissipation 


Combining 

weight 


Factor (“Com- 
Ibining weightX 
0.00136) 


20 

12.15 

23.0 

30.5 
48.0 

35.5 
62.0 


0.0272 

.01652 

.03128 

.04148 

.06528 

.04828 

.08432 
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of water from the valley lands may be estimated at 325,000 acre-feet, 
i. e., the 250,000 acre-feet of stream depletion plus 75,000 acre-feet of 
precipitation. 

Salt Balantk 

The essential facts in respect to the conditions of salt balance in an 
irrigated area involve at least two comparisons; (1) A comparison of 
the input with the output of the total dissolved salts and (2) a compari¬ 
son of the input with the output of each of the more important con¬ 
stituents of these dissolved salts. It must be recognized also that 
these salts and salt constituents move into or away from an irrigated 
area only as they are dissolved in and carried by the water of irrigation 
and drainage. Consequently, a report on salt-balance, conditions must 
include consideration of the volume^ of water moving into and the 
volume of water moving away from an irrigated area and the con¬ 
centration of the dissolved salts in these watc^rs. In table 2, the data 
presented fall into five categories: (I) The first three lines of the table 
relate to the annual volumes of water (a) moving into the area, (b) 
moving out from the area, and (c) dissipated from the area as evapora¬ 
tion and transpiration; (2) the next two lines give the concentration 
of dissolved salts in (a) the inflowing water and (b) the outflowing 
water; (3) the next two lines give the tonnage of total dissolved salts 
annually carried by the water (a) into the area and (b) away from the 
area; (4) the next line gives the ratio, as percentage, of the annual 
volume of outflow to the annual volume of inflow; and (5) the last 
line gives the cumulative tonnage of dissolved salts removed annually, 
for the period of record, from the area; i. e., the excc^ss of salts removed 
as compared with salts brought in. 

Table 2.^ Salt halanccy McHilla Valley^ U)St ;?r 


Itom 

1931 

1932 

io;43 

1 1934 

1935 

1930 

i 1937 

1 

Mean 

Water: 








i 


Input . 

acre-feet 

738,000 

814,000 

824,000 

708. 2.30 

032,400 i 

693, 200 

740,770 

744, m 

Output... ... 

_do -- 

518,000 

507, 240 

009,180 

.508,480 

. 

259,910 f 

473, 740 

.5.30,240 ! 

490,113 

Dissiimted.. 

_do_ 

220,000 

240, 700 

214,820 

259, 750 

372,490 

219, 520 

204,530 

248.207 

Salts ^ 








' 

. 

Input .. 

... tons 

021,055 

007,204 

.588. .307 

042,955 

500,80t) 

5.50, 02.5 

527,970 

599.300 

Output.. , 

..do . 

055,801 

730,001 

047,509 

589,594 

^ 528, 570 

5.31,410 

507,002 

008,070 

Concentration • 







Input -tons per acre-foot 

0 842 

0.8,57 

0. 714 

0.8.37 

0.890 

0. 794 

i 0 71.3 

0 805 

Output. 

.do 

1.200 

1.299 

l.OOfl 

1 1.59 

2 034 

1.122 

1 057 

1 220 

Water output *_ 

..percent ' 

70.2 

09.7 

1 73.9 

00 2 

41 1 

08.3 

72.4 

00 0 

Cumulative salts removed 


1 







tons.. 

34,140 ! 

7.3,003 1 

1.32,745 

79,381 

41,151 

21,930 

00,968 

1 8,707 


' Sum of ions determined. 2 1 VreenIap^e of input. 


It will be observed from table 2 that for 7 years, 1931-37 inclusive, 
the mean annual inflow of water was 744,380 acre-feet. The mean 
annual outflow was 496,113 acre-feet, or 66.6 percent of the inflow. 
The mean annual difference, i.e., stream water dissipated, was 248,267 
acre-feet. The mean concentration of the inflowing water was 0.805 ton 
per acre-foot, and that of the outflowing water 1.226 tons per acre-foot. 
These concentrations, expressed as parts per million, or milligrams 
per liter, are 592 and 901, respectively. The mean annual tonnage of 
dissolved salts earned into the area was 599,369, and the tonnage 
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carried out was 608,076, indicating an annual net removal oit^707 tons.) 

In order to present a more detailed consideration of sal^Balan'ce 
conditions in the Mesilla Valley, the facts concerning the several 
constituents of the dissolved salts are given in table 3. The first 
two and the last lines of table 3 include the mean values from table 
2 in respect to the input and output of stream water, of total dissolved 
salts, and of concentration of dissolved salts in the water. The 
remaining lines relate to the several constituents of the dissolved salts. 
For each of these the tonnage of input and of output is given, followed 
by the ratio of the output to the input expressed as a percentage. It 
will be noted that for the total salts the output was 101.5 percent of 
the input. 

Table ^.— Balance of salt constihientSy Mesilla Valley; means for 1931~S7 


It on) J Input Oiiti>ut 

j Acre-feet A are-feet Percent i 

Water_ _ . . . ..’ 744,380 490,113 00,6 

Tons Tom 

Salts*. _ -.- - -.- -- 699,309 608,076 101.6 

Salt const ituotits 

Calcium (Ca) _ -- . 80,568 69,686 86.5 

Magnesium (Mk) .... ... 17.557 15,468 88.1 

Sodium (Na-fK) .. i 101,985 122,639 120 3 

Bicarbonate (HC 03 +<'Oj )3 . i 93,936 80,540 86.7 

Sulfate (Sfb) . . - - - ... 213,419 207,950 89-1 

Chloride (Cn. . 71,30<) 111,122 155.8 

.Nitrate (NOjV . . . ... . ; 1,418 1,461 , 103.0 

; Tone per acre- Tons per acre- 1 
j foot foot I 

Concentration.. .. . ' 0.805 1.226 | 162.3 


1 Percentage of input. 

* Sum of ions determiiuHl. 

* Computed as CO 3 . 

* For 1935 to 1937 only. 

It is obvious at once that the output percentages of the salt con¬ 
stituents differ from that for the total salts. In other words, tlie com¬ 
position of the salts in the outflowing water was different from that 
in the inflowing water. From this it follows that, while for the Mesilla 
Valley the annual output of total salts exceeded the annual input 
slightly, this was not the case with four of the seven salt constituents. 
With these four, viz, calcium, magnesium, bicarbonate, and sulfate, 
the output percentages ranged from 85.7 to 89.1. On the other hand, 
the output of sodium was 120.3 percent of the input; of chloride, 
155.8 percent; and of nitrate, 103 percent. 

The fact that the composition of the salts in the outflowing stream 
water differed from that of the inflowing w^ater is not surprising. 
Tlie subsoil of the valley land is saturated with water, some oi which 
is very salty, and the composition of these salts differs from that of the 
salts of the river water. The salts of the subsoil water generally 
contain higher proportions of sodium and of chloride. These two 
constituents form a salt of high solubility, which may remain in a 
concentrated solution after the less soluble salts, such as the sulfates 
and carbonates of calcium and magnesium, have been precipitated. 
This subsoil water with its dissolved salts constitutes a large part of 
the drainage from the irrigated land, and this drainage makes up about 
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40 percent of the volume of the outflowing wat^r. Thus it is to be 
expected that the composition of the salts of the outflowing water 
would differ from that of the salts carried by the inflowing water. 

THE EL PASO VALLEY 

Description 


The area hero designated as the El Paso Valley includes the irrimted 
flood plain on both sides of the Rio Grande between El Paso, Tex., 
and the Fort Quitman gaging station, which is located about 65 miles 
downstream from El Paso. This area includes not only the irrigated 
section that lies along the river in El Paso County, Tex., but also 
the section on the Mexican side of the international boundaiy, 
known locally as the Juarez Valley, and also the section in Hudspetli 
County, Tex. The total area on the American side of the international 
boundary is slightly less than 100,000 acres, of which about 60,000 
acres are irrigated. There is probably a smaller area of the iVIexican 
land, both total and irrigated, but data arc not available ns to this 
area. The allocation to crops on the American lands is similar to 
that of the Mesilla Valley. The elevation is only slightly lower, 
and the climatic conditions arc much the same. 

The iiTigation water for lands on both sides of the river was formerly 
diverted at International Dam, Tex., located just west of El Paso. 
Recently, however, a new dam has been constructed about 2 miles 
upstream and just above the iuteniational boundary, and the American 
lands have been served from the new dam. There is one supjilemental 
divei-sion for the American lands, known as the Riverside Heading, 
located on the river about 2 miles south of Ysleta, Tex., and another 
farther down at Fabens, Tex. The lands of the Hudspeth (listrict 
are irrigated in part with water diverted foi- the. lands in El Paso 
County, but not there used, and in part with water from the river 
diverted about 3 miles above Fort Hancock, Tex. The irrigateil 
lands in El Paso County are .served by 210 miles of drains, which dis- 
chaigc annually about 133,000 acre-feet of water, some of which is 
re-used for irrigation. The stream water entering the El Pa.so Valley 
is measured at the (’ourchesne gaging station, just above International 
Dftii), &,iid the total outflow is moasured at tlip Kort Quitiiiaii gagiip’’ 
station. 


Most of the river water that enters El Paso Valley is diverted and 
used for irrigation. While there, are no important tributaries joining 
the mam stream between JEI Paso and J'ort Quitman, there are several 
arroyos that drain the higher lands bordering the valley, and after 
the more intense rains that occur occasionally in late summer these 
arroyos carry floodwaters for a short time, these floodwaters con¬ 
tribute very little to the irrigation supply and probably cany very 
little salt. They do, however, contribute to the volume ofwateV 
passing the hort Quitman gage and reduce its salt concentration for 
short periods. In view of uncertainties as to land areas and volume 
ot run-ott water from adjacent higher land, no estimate was made of 
the water contnbuted to the valley by precipitation nor of the total 
volume dissipated from the irrigated land. 
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Salt Balance 

The data covering stream discharge and quality of water for the 
El Paso-Jaurez Valley have been obtained as a part of the coopera¬ 
tive investigation described above. The data for total salts are mven 
in table 4. The data for the inflowing water for the El Paso Valley 
are the same as those for the outflow from the Mesilla Vdley. For 
the 7-year period 1931-37, the mean volume of stream inflow was 
496,113 acre-feet and the moan outflow 173,219 acre-feet, or 34.9 
percent of the inflow. The difference between these values, 322,894 
acre-feet, may be taken as the net stream depletion, or water dissi¬ 
pated in addition to the quantity of rainfall dissipated. It will be 
noted that the volume of output expressed as percentage of input 
ranged widely, from 20.1 in 1934 to 55.9 in 1935. Following the 
dry year of 1934, the water supply in Elephant Butte Reservoir was 
low, so that the volume available for the El Paso Valley in 1935 was 
below normal. There were also local torrential rains in the late 
summer of 1935 that contributed to the volume of run-off passing 
Fort (Quitman. During the last 4 months of 1935, the discharge at 
Fort Quitman was 101,100 acre-feet as compared with 24,200 acre- 
feet for the cori'esponding period of 1934. 


Table 4. —Salt balance of El Paso Vallepy 1931-87 


Item 

i 

1 

1931 

1932 1 

19:)3 ; 1934 

1935 

1936 

1937 

Mean 

W«lt*r 

Input 

Output . - 

a(’rt*-rpet 

-. - do_ 

5 IS. 000 
2 ]2.(MK) 

i 

567,210 

211 . m I 

609,180 i 508.480 
21.3.790 j 102,3fl0 

259,910 
145. 380 

473,740 
149,590 

536, 240 
178,290 

496.113 
173,219 

Dl8SipfttP<J .. 

_do .. 

300,000 

356,120 i 

395.390 ! 44X1,120 

114. ,5.30 

324.150 

357,950 

322.894 

Salts: 1 

Input... .lon«?. 

Output . ..do - . 

Com-entration 

Input toil** per a(T©-foot.. 

Output.do . 

Water output * .. perwnt 
Cumulaln e salt residue 

Ions.. 

655,801 

637,231 

1 266 

3 006 
40.9 

18,567 

736.661 i 
, 597.096 i 

i ] 299 ; 

1 2 832 

,37 2 1 

167, Zi2 j 

' 1 

647.509 1 589,594 
,542,285 1 28,5.963 

1.06.3.' 1.1.59 

2 537 1 2 794 

35 1 1 20 1 : 

262,456 1 666,087 

j 528, .576 

1 289,919 ; 

2.034 

I 994 
55,9 

m, 744 

531.410 
402,520 

1 122 

2 691 
31.6 

933.634 

567,002 : 
476,642 ! 

1.067 1 
2 673 ! 
3:1.2 

1,023,994 

608,076 
.461,794 

1.226 

2.666 

34.0 

146,282 


» Sum of ions determineti. 

* Percpniape of input. 




The mean salt concentration of inflowing stream water was 1.226 
tons per acre-foot, as conxpared with the mean concentration of the 
outflow of 2.666. These values arc equivalent, respectively, to 901 
and 1,960 p. p, m. The mean annual input of dissolved salts was 
608,076 tons, whereas the mean annual output was 461,794 tons, 
indicating a mean annual residue of 146,282 tons, or a cumulative 
residue for the 7-year period of 1,023,994 tons. In respect to salt 
balance, conditions in the El Paso-tJuarez Valley differed from those 
reported above for the Mesilla Valley. For the Mesilla Valley the 
output of dissolved salts exceeded the input hy a mean of 8,707 tons 
a year, whereas for the El Paso Valley the input exceeded the output 
by 146,282 tons a year. 

It is not to be inferred that the adverse salt balance of the El Paso- 
Juarez Valley, amounting to a million tons during the past 7 years, 
has been deposited unifonnly in the irrigated soils of the valley. The 
evidence available does not afford a basis for estimating where this 
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salt has been deposited. The known facts are that for the valley as 
a whole the input of dissolved salts has exceeded the output by nearly 
150,000 tons a year. It should be pointed out, however, that the 
quantity of soluble and dissolved salts in the soil of the valley and in 
the subsoil water contained in the valley sediments is very large. 
An acre-foot of soil may contain as much as 5 tons of soluble salts 
without seriously impairing its productivity, and in the El Paso 
Valley the salt content of the deeper sediments, below the root zone, 
may dc much higher than that. 

The facts concerning the balance of salt constituents for the El Paso 
Valley are given in table 5, which shows the mean annual tonnage of 
the input and output of each of seven salt constituents. For only one 
of these, chloride, was the output in excess of the input. For the total 
salts the mean annual output was 75.9 percent of the input. For the 
salt constituents the output percentages of both sodium and chloride 
exceeded that value. 


Table 5. —Balance of sail constituents, HI Paso Valley: means for 19S1 37 


Item 


Water - --- 


Salts». . ... 

Salt constituents 

Calcium (Ca) . 

Magnesium (Mg)... ... 

Sodium (Na+K). 

Bicarbonate (HCOi+CO^).. 

Sulfate (SOO. 

CShloride (Cl) . 

Nitrate (NOi) ^. 


Conwntratjon.. 


Input 


Output 


Acre^feef 
496,113 


Tmi 
equiva¬ 
lents 3 


Acre-feet 

173,219 


Ton 

eg into- i 

lents ^ ( Percent J 
.j 34.9 


Tons 

-| 608,076 

I 69,686 
.' 15,468 

-.1 122,6.39 
1 80, MO 

' 207,9.50 
: 111,122 
1,461 


Tons 
461,794 


3,484 
1.2«i8 

5.332 
2,041 

4.332 
3,1.30 

24 


41.:i09 
10.217 
111,654 
28, 247 
108, 702 
161, 447 
508 


2, IMW) 

7.5 9 

59 3 

837 

66 1 

4.85.5 

91.0 

92«) 

3.5 1 

2,2f).5 

i .52 3 

4,548 

1 14.5 3 

8 

1 34 8 


: Tons per j 
! acre-foot ■ 
' 1 22ti { 


' Tori 8 per j 
: acre-foot 
' 2.66ti I .. 


217 .5 


1 Percentage of input. 

2 Sum of ions dotermincti. 

3 Ton equivalent represents the aetua tonnage divhled by the combining weight of each eonstituenr. 
The sums of the ton equivalents of the cations and of the anions should i>e approximatidv equal if the ton¬ 
nage computations have been correct. 

< For 1935- 37 only. 

THE YUMA VALLEY 

Description 

The Yuma Valley lies in the extreme southwestern corner of Ari¬ 
zona, in the flood plain of the Colorado River. It contains about 
50,000 acres of irrigable land, of which about 40,000 acres are cropped. 
The ground surface is only about 100 feet above sea level. It is pro¬ 
tected from river overflow by a levee. The climate is warm and dry. 
Crops may be grown throughout the year; some of the land yields two 
crops in a single year. The annual precipitation is only 2 to 5 inches 
and is almost negligible as a contribution to the water requirements of 
crops. The crops chiefly grown are cotton and alfalfa, with some 
barley, grain sorghum, and winter-grown vegetables. 

The irrigation water is diverted from the Colorado River at Laguna 
Dam, a few miles upstream from Yuma. It is carried by canal on the 
west side of the river to a siphon near Yuma, through which it passes 
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under the river to the eastern or Arizona side at the upper or north 
end of the Yuma Valley. Some of the water delivered into the dis¬ 
tribution system of the Valley Division is lifted by pumps to irrigate 
land on the Yuma mesa. Another portion is wasted back into the 
river or across the interoational boundary into Mexico. However, 
the total quantity of water annually delivered through the siphon is 
measured, as are also the quantities pumped to the mesa or wasted 
outside the valley from the distributing canals. TJius there is avail¬ 
able, by difference, the net quantity of water annually delivered to 
the distribution system of the Valley Division. Data as to the quality 
of this water are based on samples taken each week from the river at 
the Yuma gaging station. 

The irrigated lands of the Yuma Valley arc served by a system of 
open drains that collect subsoil water, together with some waste water 
from the canals, and discharge this drainage water into a sump at the 
lower end of the valley from which it is pumped over the levee to make 
its way back to the river in Mexico. The quantity of the drainage 
water is measured, and data as to its quality are based on samples 
tak(m each week at the pmnp intake. The difference between the 
annual net input and the annual drainage output is taken as the quan¬ 
tity annually dissipated from the valley by evaporation and transpira¬ 
tion. For the year ending September 30, 1938, the net input was 
259,917 acre-feet and the drainage output was 57,095 aere-feet, leaving 
a difference of 202,822 acre-feet as the quantity dissipated from 50,000 
acres of valley land. 

Salt Balance 

Th(‘ data on the salt-balance conditions of the Yuma Valley fall 
into two categori(‘s. One of these (table 6) relates to the 10-year 
period 1929-38, and the other (table 7) to the year 1938 only. The 
n^asoii for the distinction lies in the fact that prior to 1938 the data 
for volume of irrigation input were based on the quantities of water 
^‘delivered to farms”. rather than on the net quantities of water 
delivered to the distribution system of the valley. In 1938, for the 
first time, the report of input included both the net quantity delivered 
to the valley and the quantity delivered to farms. For the year 
ending September 30, 1938, the net delivery to the valley was 259,917 
acre-feet, while for the same period the quantity reported as delivered 
to fpn)s was 113,659 acre-feet. These two values would indicate that 
(luring the year the loss from the distribution system, presumably 
by percolation and evaporation, was 146,258 acre-feet, or 56 percent 
of the net input. 

It secmis obvious that the actual conveyance loss was not so great 
as is indicated by these values. The assumption is that the value 
for wat(‘r delivered to farms is too low. In measuring farm deliveries 
the ditch riders tend to be liberal to the water user, and it is probable 
that the actual deliveries to farms exceed the reported deliveries. 

The data for the lO-year period are given in table 6. Column 2 
shows the quantities of water reported as annually delivered to farms. 
Column 3 shows the annual volume of drainage" water pumped over 
the levee at the south end of the valley. The fourth colunm shows 
the differences between the values of columns 2 and 3. These differ¬ 
ence values should not be taken as the quantities of water amiually 
dissipated from the valley area of 50,000 acres, because the actual net 
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input of water has doubtless been much in excess of the quantitjr re¬ 
ported as delivered to farms. Columns 5 and 6 show the quantities 
of total dissolved solids in the water delivered to farms and in the 
drainage output, respectively. These values are computed from the 
residues of evaporated filtered samples and exceed by 9 or 10 percent 
the values for total salts obtained by taking the sum of the ions as 
determined by analysis. 


Tahle 6 — Annual volume of water ^Ulclivered to farms'' m the Yuma Valley, annual 
volume of drainage output, and tonnage of total salts carried by each for the years 
ending Sept. SO, lOSO-SS 


1936. 

1937. 
I9:i8. 


Year 

Delivered 
to farms I 

1 

j 

Total dissolved solids 
in— 

1 »raniape * 
output t 

i 

1 

Difference j 

1 

Water 
"delivered 
(o farms” 

Drainage 

1929... .. .. -. 

19.30 -, -. ..-. 

1931. . - .. --- - 

1932. ... ... 

1933. ... .. 

1934. .-. 

1 

Acre-feet | Acre-feet 
106,393 ! 48,;i44 

100,453 ! 49,158 

100,620 ' .37,394 

95,208 i 33.477 

99,345 1 29,975 

108,362 27,169 

Acre-feet 
68,049 
61,295 
6:i, 226 
61,731 
69,370 
81. IKl 

1 Tons 

1 l(i7.503 

98,685 
129.224 
KM. 139 
13.5,4:9» 
166,498 

Tone 

108,141 
98,398 
71,854 
iM. 258 
60, .576 
59,605 


ii9,r>«7 ■ 
115,931 ! 
113,659 I 


36,830 
47,000 
57,095 


82.767 
68,931 
56,564 


lOH, 797 
112,152 
117,624 


82,986 

102,406 

121,728 


Table 7. - Salt balance, Yuma Valley, for the yeai ending Sept. SO, tOSS 
firrigablf* acres 49,278, crop|M*(J, 36.2.50] 


Item 


Input 1 

Output 



' 

! 

Acre-feet j 

Acre-feet ' 

Percent ‘ 

Water _ , 

i 

2.59,917 1 

.57.095 

22 0 


1 

Tone ! 

Tons 


Salts * - . - . ... 

Salt constituents 

1 

248,428 ' 

113.791 i 

i 

45 S 

Calcium (Ca) . ... 

1 

35,552 ' 

11,517 1 

32 4 

Magnesium (Mg'). _ .. . . 

-! 

9, 113 ! 

4,111 I 

45 I 

Sodium (Na;. 


31,895 . 

2.3, .579 i 

#17. 6 

Biearbonate (nco.-fCO,).. 


26.303 ' 

11,698 ' 

44. ,5 

Sulfate (SO 4 ) .... 


11.3. 771 ' 

.30,2,56 ; 

26,6 

Chloride (CD ... 

-1 

2^. 024 

32, .542 1 

116 1 

Nitrate (NO.0. . 

. - ! 

' -0 1 

88 

11 4 

Conetmtration. . . .. 

i 

1 

Tons per j 
acre-foot ; 
0.956 i 

Tons per 
acre-foot ; 


i 

1.993 1 

208, 5 


1 Percentage of input. > Sum of ions determined. 

For the 10-year period, if comparison is made between the tonnage 
of total dissolved solids carried by the water delivered to farms and 
that carried by the drainage output, it will be seen that the cumu¬ 
lative adverse salt balance has been about 390,000 tons or 39,000 tons 
a year. However, this finding is probably too low because tlie total 
input of dissolved solids doubtless exceeded the quantity reported. 
It is believed that the quantities of total dissolved solids reported for 
the drainage water approximate closely the actual output. 

It remains now to consider the data on salt balance for the vear 
ending September 30, 1938. This is the only 1 of the 10 years for 
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which the net volume of irrigation water entering the Yuma Valley 
has been reported. The data for the year are shown in table 7. The 
volume of input for the year was 259,917 acre-feet; the volume of 
output was 57,095 acre-feet, or 22 percent of the input. The tonnage 
of total salts contained in the input was 248,428; that of the output 
was 113,791, or 45.8 percent of the input. The adverse salt balance 
for the j^ear; i. e., input minus output, was 134,637 tons. The weighted 
mean concentration of salts in the input water was 0.956 ton per acre- 
foot; that of the drainage water was 1.993 tons per acre-foot. 

The same table shows the tonnage values for each of seven salt 
constituents in the input water and in the drainage, together with the 
ratios of the output values to the input values, expressed as per¬ 
centages of input values. These values show that of the seven con¬ 
stituents only the output percentages for sodium and chloride exceeded 
the percentage for total salts. It was only in the case of the chloride 
constituent that output tonnage actually exceeded the input tonnage, 
about 4,500 tons more chloride being found in the drainage than in 
the irrigation water. 

With regard to the data concerning the nitrate constituent, table 
7 shows an input of 770 tons of nitrate (NO3) and an output of only 
88 tons. Unfortunately the analyses did not include determinations 
of potassium and phosphorus, which, together with nitrogen, con¬ 
stitute the three major plant-food elements. It is evident that 
although the conditions of irrigation and drainage in the Yuma 
Valley are such as to remove actually more cldoride than is brought 
in, the same conditions do not take out as much nitrate as is brought 
in. Furthermore, it is to be assumed that some nitrate is added to 
the soils of the vallev by applications of manure and commercial 
fertilizer and also by the production of an extensive acreage of alfalfa. 

A SALT-BALANCE EXPERIMENT 

PROt^EDURE 

An experiment designed to yield information as to salt-balance 
conditions in the root zone of the soil was set up at the Rubidoux 
Laboratory, Riverside, Calif., in June 1934. It was designated 
experiment No. 28.^ The equipment consisted of two galvanized- 
iron cans 15 inches in diameter and 20 inches deep, each having a 
tubular drainage outlet at the bottom. A layer of coarse sand, about 
1 inch deep, was placed in the bottom of each can to facilitate drainage. 
On this was placed about 18 inches of soil, having a surface area of 
1.35 square feet. The mass of dry soil in each can was 86.5 kg., and 
its texture was such that after several wettings in excess it held 20 
liters of water after percolation ceased. The original soil contained 
very little soluble salts, and some of this was leached away in the 
preliniinary wettings. It was estimated that at the beginning of the 
experiment, on June 28,1934, each can contained approximately 10 gm. 
of dissolved salts in its 20 liters of water. 

Alfalfa {Medicago scUiva L.) seed was planted in the soil of each can, 
and in due course the plants became well established and grew vigor- 
ouslv. Figure 1 shows the cans used in the experiment and the growth 
of alfalfa 3 yearn after the experiment was started. The regimen of 

< The writer is indebted to George Y. Blnlr for faithful and xiainstakinR cooperation in the conduct of this 
experiment. 
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irrigation has not been the same throughout the period of the experi¬ 
ment here reported, i. c., from June 28, 1934, to December 21, 1938. 
For certain periods the irrigation water used (the same water for 
both cans) contained dissolved salts in concentrations as high as 
1.5 gm. per liter, or 1,500 p. p. m. For other periods the concentra¬ 
tion of the input was much lower. The volumes of water used were 
8ometim(»s not the sanu' for both cans. For certain periods, tlu^ volume 



Figure 1.—A crop of alfalfa grown in soil-filled cans in a salt-balance experi¬ 
ment at the Rubidoux Laboratory, Riverside, Calif. 


applied to one can would be so large that the volume of percolate 
would be 25 percent of the volume of input while the volume applied 
to the other can would yield percolate of 10 percent or less of the 
volume of input. 

Several times during the course of the experiment, irrigation water 
of low salinity was applied to both cans in large quantities in order 
to leach out the iJissolved salts that had previously accumulated in 
the soil. Such a period of leaching preceded the conclusion of the 
period of record here reported so that from the concentration of the 
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percolate obtained just prior to December 21, 1938, it was estimated 
that each can contained approximately 22 gm. of dissolved salts in 
its 20 liters of water held in the soil. 

RESULTS 

Data for 1934-38 

The data of the experiment make it possible to show (1) the volume 
of water and the mass of dissolved salts applied to each can during any 
period of time; (2) the volume of water and the mass of dissolved salts 
obtained as percolate from each can during any period of time; (3) 
for each period of time allocated to the growth of each successive 
crop of alfalfa, the volume of water dissipated from each can by 
evaporation and transpiration (volume of input water minus volume of 
percolate); this volume of water (expressed as liters), divided by the 
value for dry weight of the crop (expressed as grams), gives the water 
requirement for the crop; and (4) for each period of time between the 
successive thorough leachings, the mass of salts absorbed by the plants 
or by the soil or decomposed and dissipated (mass of dissolved salts 
contained in input water minus mass contained in percolate). 

Th(* record of the experiment as to water and salts for both cans for 
the whole period, from «Tunc 28, 1934, to December 21, 1938, is shown 
in table 8. During that period the total input of water was 5,490 
liters, containing 5,443 gm. of dissolved salts. This indicates a mean 
concentration of 0.991 gm. per liter. For the same period the volume 
of the percolate was 1,237 liters, or 22.5 percent of the volume of the 
input. This volume of percolate contained 4,675 gm. of dissolved 
salts, or 85.9 percent of the input mass, and had a mean concentration 
of 3.779 gm. per liter. The volume of water dissipated as evapora¬ 
tion and transpiration, i. e., the volume of input minus the volume of 
percolate, was 4,253 liters. The mass of salt absorbed or dissipated, 
also lh(^ diffenmee betwTen input and output, was 768 gm., which 
includes 24 gm. of additional residue in the cans on December 21, 1938, 
This mass of salts, with reference to the volume of w ater dissipated, 
indicates a mean concentration of 0.175 gm. per liter. 

Table 8 . —liecord of experiment 2Sy from June 1934 to December 1938 and from 
Mar. 16 to Dec. 21 y 1938^ showing volumeSy total salts, and concentrations of input, 
output, and residue 


Years and other items 

Input 

Percolate 

Evaporation 
ana trans< 
piration 

Sulution volume_ 

Total salts. 

Moan concentration 


.liters . 

..grams., 

. grams per lifer.. 

^400 

5.443 

0.991 

1,237 
4,075 1 
3.779 ] 

4.253 
‘768 
0.175 

Solution volume,-- 

Total salts. 

Mean concentration. 

19SH 

.liters,, 

.grams,. 

..grams per liter. 

1,438.3 
1,009,1 
1.119 

389.4 

1,397.1 
3.588 

1,048.9 
‘ 212.0 
0.179 


1 Includes 24 gm. residue in the soil. 


During the period of the experiment the alfalfa crop was harvested 
29 times. The aggregate yield of dry matter for these crops from both 
cans was 5,510 gm. This mass of dry matter, with reference to the 
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volume of water dissipated by evaporation and transpiration, shows 
that 0.772 liter was dissipated for each gram of dry matter produced. 
In other words, it required the dissipation of 772 gm. of water to 
produce 1 gm. of alfalfa dry matter. Another comparison that may be 
made involves the mass of salts absorbed or dissipated and dry matter 
of crop produced. If it is assumed that 744 gm. of salts was absorbed 
by and removed with the alfalfa crops, the mass of these salts is 
equivalent to 13.5 percent of the alfalfa dry matter. 

In this experiment the observations wore made on what may be 
taken as a small field of alfalfa, having a root zone approximately 18 
inches deep and a surface area of 2.7 square feet. The record of water 
applied includes both the volume of irrigation water, containing 
known quantities of dissolved salts, and the volume of rain water, 
assumed to be free of dissolved salts. At the beginning of the period 
of record the two cans contained approximately 20 gm. of dissolved 
salts in the 40 liters of water held in the soil; at the end of the period 
they contained 44 gm. of dissolved salts. Thus the regimen of irriga¬ 
tion during the period was such that practically all the salt applied 
was removed from the root zone. In other w'ords, with the input 
water having a mean salt concentration of 991 p. p. m. approximate 
salt balance was achieved when the volume of input was such that 22.5 
percent of it passed through the root zone as percolate. 

With this regimen of irrigation it was found that, of 5,443 gm. of 
salt added to the soil with the irrigation input, 4,675 gm., or 85.9 
percent, was carried through the root zone by the percolating water. 
It is not possible to show definitely the destination of 768 gm. of salt 
that was not removed with the percolate. It seems probable that 
part of it, possibly the major part, was taken up by the alfalfa plants; 
but some of it may have been precipitated in or absorbed by the soil, 
or some of the constituents may have been decomposed and dissipated 
in other forms. 

Data for 1938 

During the first 3 years of the experiment the record did not include 
detailed analyses of the percolates; only the total dissolved salts were 
determmed. For the period beginning with March 16, 1938, the 
observations included detailed analyses both of the input solutions and 
of the percolates. These detailed analyses included the determination 
of four cations—calcium, magnesium, sodium, and potassium—and 
four anions—bicarbonate (computed as carbohate), sulfate, chloride, 
and nitrate. Before the findings in respect to these several salt 
constituents are presented, the data for the 1938 period in respect to 
total salts will be compared with similar data for the whole period of 
reenrd (table 8). 

For the 1938 period (281 days) tlie volume of input for the two cans 
was 1,438.3 liters, containing 1,609.1 gm. of dissolved salts. This 
indicates a mean concentration of 1.119 gm. per liter. The volume 
of percolate was 389.4 liters, ec^uivalent to 27.1 percent of the volume 
of input. This percolate contained 1,397.1 gm. of salt, or 86.8 percent 
of the input mass, and had a mean concentration of 3.588 gm. per 
liter. The volume of water dissipated was 1,048.9 liters and the mass 
of salt added but not recovered in the percolate was 212.0 gm., which 
includes 24 gm. additional residue in the soil. This mass of salts 
(188 gm. net), with reference to the volume of water dissipated, in- 
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dicates a mean concentration of 0.179 gm. per liter. During this 
period six crops of alfalfa were harvested. They yielded 1,543 gm. 
of dry matter. This mass of dry matter, with reference to the volume 
of water dissipated, indicates a water requirement of 680 pxi, of water 
for 1 gm. of dry matter. The mass of salt absorbed (^188 gm.) is 
equivalent to 12.2 percent of the mass of alfalfa dry matter produced. 

In comparing the data of the longer period with those of the included 
shorter period, it will be seen that the conditions and results were not 
greatly different. For the shorter period, the concentration of the 
input "solution was slightly higher (1.119:0.991) and to achieve approxi¬ 
mate salt balance for the root zone required a slightly higher ratio of 
percolate to input volume (27.1:22. 5). The proportion of the mass 
of salts recovered in the percolate was also slightly higher (86.8:85.9). 
The water requirement, on the other hand, was slightly lower (680 
as compared with 772), but the proportion of salt residue to alfalfa 
dry matter was 12.2 percent for the shorter period and 13.5 percent 
for the whole period. 

It is appropriate at this point to describe the character of the 
salts used with the irrigation water of this experiment. Throughout 
the period of record Rubidoux tap water was used. During the 
period prior to March 16, 1938, the salinity of the irrigation water 
was increased, as desired, by adding to the tap water suitable quanti¬ 
ties of sodium chloride. After March 16, 1938, calcium chloride was 
used instead of sodium chloride. The cans were not protected from 
tlie weather; consequently they were exposed to the natural rainfall, 
the volume of which to be credited to each can was computed from 
the volume collected in a standard Weather Bureau rain gage located 
near the cans. From time to time, as the needs of the alfalfa plants 
seemed to warrant, small quantities of salts containing nitrate, 
potash, and phosphate were added to the irrigation water. Each lot 
of irrigation water was sampled and analyzed ^ so that the record of 
input included the nitrate and potash added but not the phosphate. 

Table 9 . —Record of experiment 28 from Mar, 16 to Dec. 21 y 1938y showing the 
grams of each of 8 salt constituents added wUh the irrigatwn water ^ and collected 
with the percolatcy^ and the difference between these values 


Salt ecmslituont 


Calcium (ral 
Majmcsium (Mg) . - 

Sodium (Na) 

PotAssium (K) 

Carbonate (CO 3 ) < 

Siilrato (SO« /. 

Chloride (Cl) _ 

Nitrate (NOi) . .. 

Total 


I Ineludca dissolved constituents in soil solution on Mar. 16. 

* Includes dissolved constituents in soil solution on Dec. 21. 

« Gain in output over input. 

♦ Computed as half the bicarbonate (HCOs). 

The record of the salt constituents added to and collected from 
the soil of the two cans between March 16 and December 21, 1938, is 
shown in table 9. It will be noted at once that in respect to mag- 

^ The writer is indebted to John T. Hatcher for making the ahalysbs of the samples of irrigation watef 
and percolate. 

270959—40-3 


Input 

Percolate 

Difference 

Grams 

Grams 

Grams 

476 0 

345.8 

130.2 

19.1 

29.9 

MO. 8 

77.5 

129.5 

>52.0 

14 9 

3.5 

11.4 

126.9 

78.1 

48,8 

83.0 

68.6 

14.4 

797 3 

752.6 

44.7 

31.6 

.4 

31.2 

1.626. 3 

1 1.408.4 

1 

217.9 
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nesiuni and sodium the quantities found in the percolate exceeded 
the quantities added with the irrigation. For the six other constit¬ 
uents tlie quantities found in the percolate were less than those added 
with the irrigation. This recovery of more magnesium and sodium 
than was added is believed to be the result of reactions of base ex¬ 
change that occurred in the soil. Prior to this period of the experi¬ 
ment the salts of the irrigation water had been chiefly sodium chloride, 
and it is assumed that sodium replaced some of the exchangeable 
calcium that the soil contained originally. The subsequent use of 
calcium chloride evidently caused the replacement of some of this 
sodium and of some magnesium as well. 

It seems probable that the gains indicated for sodium and mag¬ 
nesium may not represent the full extent of the exchange reactions. 
It is to be assumed that these constituents may have been absorbed 
to some extent by tlie alfalfa plants. The quantities so absorbed 
should be added to the gains indicated to obtain the full values of 
the reactions of base exchange. In view of these gains of magnesium 
and sodium, it may be assumed that some part of tJie calcium unac- 
counteci for (130.2 gm.) was involved in the reactions of base exchange. 
It is possible that the potassium may have been involved also, but 
in view of the low concentration of this constituent in the solution, 
it seems more probable that its chief destination was in absorption 
by the plants rather than in base-exchange reactions. With all of 
the anions, losses occurred. From the information available, it is 
not ])ossible to estimate what proportion of these losses was flue to 
plant absorption. 


Table 10 .—itecord of experiment '^S from Ala), 16 to Dec, ^1^ 1038, showing the 
gram equivalents of each of 8 salt constituents added with the irrigation water ^ and 
collected with the peicolate,^ and the difference between these values 


Salt constituent 

j Input (see 

1 table 9) 

Porcolnte 

Difference 

* Percolate 

Cations 

Calcium (CiO - 
MaRnesmm (Mr) 

Sodium (Na) . . . _ . 

Potassium (Kj 

dram eqniva- 
tents 

1 23 80 

1 hi 

3 37 j 
38 

Gram eqvtrn- 
i tents 

17.29 

2 46 

5.63 
.09 

Gram eqvira- 
' tents 

\ 6 51 

«. 89 , 

: <2.26 
.29 

, Percent * 

1 72 6 

i 156 7 

' 167.1 

: 23 7 

TotaL- . . _ 

29. 12 

1 26 47 

, 3 iih i 

87 5 

Anions 

IJicjarLonate (COj)_ .... 
Sulfate (S 04 ) 

Chloride (Cl) 

Nitrate (NOi) . .. . ... 

_ 4 16 

.. - 1 73 1 

22 46 1 
; M3 j 

1 1 43 

! 21 20 j 

j . OOti ' 

1 60 1 
. 30 : 

1 1 26 1 
. mi 1 

i 61 5 

82.7 
94 4 
1.2 

Total ... 

. - 1 28,8f}3 

I 2h.m 1 

j 1 

3.6<57 1 

87 3 


* Includes dissolved consliiueiits in soil solution on Mar. lf» 
»Includes dissolved constituents in soil solution on Dec, 21, 
> PercentaRo of input. 

* Gain in output over injmt. 


A clearer representation of the relationships of the salt constituents 
to one another can be obtained by expressing the values for input, 
output, and difference in gram equivalents rather than in grams. 
These relationships are shown in table 10. It will be observed that 
the values for input show that the sum of the cations exceeded slightly 
the sum of the anions. This may have been due in part to the 





July 1,1940 


Salt Balance in Irrigated Areas 


35 


unavoidable discrepancies of analysis and in part to the omission 
from the computation of the small quantities of phosphate that were 
added with the irrigation water but not reported in the analysis. 
The values reported for the percolate show approximately the same 
discrepancy between the cations and anions. Here again there is 
uncertainty as to how much of the lower value for the sum of anions 
may have been due to errors of analysis and how much was due to 
greater losses or absorption of anions than of cations. It should be 
kept in mind that the values here reported represent the findings of 
34 separate analyses. 

The difference between the values for the input and for the percolate 
is shown both as gram equivalents and as percentage of the input 
value. The net loss for all cations (3.65) was 12.5 percent of the 
input; for the anions the corresponding percentage was 12.7. The 
largest percentage losses occurred with potassiinn and with nitrate. 
It is assumed that these losses were due largely to the absorption of 
these constituents by the alfalfa plants. In respect to the nitrate 
ion the values reported as milligram equivalents were as follows: 
Input 512.6, percolate 6.1, or a recovery of only 1.19 percent; but in 
reporting gram equivalents the nearest decimal values for two places 
were used. It is apparent that under the conditions of this experiment, 
which involved both a shallow root-zone and heavy leaching, there 
was not much loss by leaching of the two plant-food constituents. 

The differences in the values for the cations show the most marked 
contrast. The percolate contained 3.15 gm. equiv. more of magnesium 
and sodium than was contained in the input solution. If it is assumed 
that those constituents were released from the soil by reactions of 
base exchange in which calcium was absorbed, then it appears that 
nearly half of the calcium that was lost was involved in these reactions. 
If allow^ance be made for the absorption of any magnesium and 
sodium by the alfalfa plants, then a corresponding quantity of addi¬ 
tional calcium must be allocated to the exchange reactions. It may 
be lepeated that during the period of the experiment prior to March 
10, 1938, the salinity of the input solution had been due chiefly to 
sodium salt. This may explain why there was an abundance of 
rejilaccable sodium in the soil at the beginning of this last period of the 
experiment. However, it is imt clear why so much inuguesium was 
replaced from the soil. 

For the four anions the mean loss, in gram equivalents, w^as 12.7 
percent of the input values. The loss of nitrate was highest (98.8 
percent). This is assumed to have been due largely to plant absorp¬ 
tion. The next highest loss was in the carbonate constituent, ^me 
of this loss may have been due to plant absorption, but it is possible 
that some of it was due to decomposition involving the absorption or 
dissipation of carbon dioxide and the precipitation of the carbonate 
as calcium carbonate in the soil. The percentage loss of sulfate was 
larger than the mean loss for all anions, but the actual quantity lost 
w^as small. On the other hand, the quantity of chloride lost was large 
but the percentage loss was small. It is assumed that most of the 
sulfate and chloride lost was absorbed bv the alfalfa plants. 

Each of the six alfalfa crops from each can for the 1938 period was 
analyzed for chloride and for total nitrogen. These analyses showed 
that the total crop (1,543 gm. of dry matter) contained 32.26 gm. of 
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chloride and 42.19 grn. of nitrogen. The data of table 9 show that the 
cliloride content of the input (irrigation water) was 797.3 gm. and 
that the output (percolate) contained 752.6 gm. If the chloride found 
in the alfalfa be added to that contained in the percolate (752.64- 
32.26 gin.), the sum is 784.86 gm. Tliis sum subtracted from the 
input chloride (797.3 — 784.86 gm.) leaves a difference of only 12.44 
gm. of chloride, or 1.56 percent of the input chloride, unaccounted 
for during the period of the experiment. 

The data as to nitrogen show a situation strikingly different from 
that of the chloride. For the 1938 period of the experiment the input 
of nitrate nitrogen (512.6 mg. equiv.) was 7.18 gm. The input 
solution may have contained some nitrogen in other forms, e. g., as 
ammonium salts^ but the quantitv was probably "small. The percolate 
for the same period contained only 6.1 mg. equiV. of nitrate, equivalent 
to 0.085 gm. of nitrogen. On the other hand the crop contained 42.19 
gm. of nitrogen. Thus the total output of nitrogen, in crop and 
percolate, was 42.275 gm. of nitrogen whereas the input was 7.18 gm. 
This indicates that the crop absorbed from the air and soil, through 
biological processes, approximately 35 gm. of nitrogen. This would 
be equivalent to 45 pounds of nitrogen for a ton of dry alfalfa. 

DISCUSSION AND SUMMARY 
FIELD INVESTIGATIONS 

Results of the field investigations afford information on (1) the vol¬ 
ume of stream water annually entering or delivered to a large irrigated 
area, togethcrwith the quantity and composition of the dissolved salts 
contained in the water, and (2) the volume of w ater annually leaving 
the same area as stream flow or drainage, together with the quantity 
and composition of the dissolved salts contained in that w ater. With 
optimum conditions it should be possible to ascertain from these data 
information on (1) the volume of w^ater annually dissipated from the 
area as evaporation and transpiration, by taking the difference be¬ 
tween the inflow and the outflow’', and (2) the quantity and composi¬ 
tion of the dissolved salts annually deposited in or removed from tlie 
soil of the area, by taking the differences in quantity and composition 
between the incoming and outgoing salts. 

Under field conditions it is not practicable to dotennine accurately, 
by difference, the volume of water annually dissipated by evaporation 
and transpiration, because the actual input of water inefudes not only 
the stream flow but also rain water. The volume of annual precipita¬ 
tion falling within the boundaries of the irrigated areas might be esti¬ 
mated fairly accurately, but each of these areas is surrounded by higher 
ground from which there may be some run-off of storm water or some 
inovement of ground water into the irrigated area. Therefore it is 
difficult to arrive at an acceptable value for total volume of input and 
consequently to compute the volume of dissipated water by subtracting 
the measured output. 

In respect to the salt balance, the situation is different. The quan¬ 
tities of dissolved salt carried into and removed from the irrigated 
area by the stream waters and drainage may be computed with accept¬ 
able accuracy. And it may be assumed that the quantity of salt con¬ 
tributed directly or indirectly by the precipitation is so small as to be 
negligible. Thus, the quantity of salt brought in by the stream water 
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or irrigation supply may be taken as total input. The total salt 
output, however, includes not only the dissolved salts carried away 
from the area by the drainage and unused stream water, i. e., the total 
measured outflow, but also (1) the quantitv of dissolved salts that 
may have been absorbed by and removed with the crops, (2) the quan¬ 
tity that may have been precipitated from solution in the soil, and (3) 
the quantity of such salt constituents as may have been decomposed 
in the soil, e. g., bicarbonate or nitrate, or may have been involved in 
reactions of base exchange, e. g., calcium, magnesium, and sodium. 
Therefore, the net salt balance, as computed by taking the difference 
between the quantities carried by stream or irrigation input and stream 
or drainage output, may be in error by the amount of the quantities 
absorbed, precipitated, or decomposed. 

In the present consideration of these areas no attempt has been 
made to determine what proportion of the input salt passed into and 
remained in the subsoil water of the area, nor to estimate what pro¬ 
portion of the output salt originated from root-zone leaching as a 
direct result of irrigation and what proportion was contributed from 
subsoil water originally present in the area. The data presented relate 
to each area as a whole, including not only the root zone of the soil 
but also the deeper water-saturated sediments. It is conceivable that 
with a very large reservoir of subsoil water in an area and with condi¬ 
tions such that a large part of the input salt passes into that reservoir, 
an adverse salt balance may continue for a long time without involving 
the accumulation of hannful quantities of salts in the solution of the 
root zone. 

On the otlier hand, conditions within the area may be such that a 
large proportion of the incoming irrigation water passes directly into 
the subsoil reservoir by way of percolation losses from canals. In that 
ev(»nt the outflowing drainage water may represent largely water dis¬ 
placed from the subsoil reservoir and containing dissolved salts in high 
concentration and of remote origin. Under such conditions there may 
long continue for the area as a whole a favorable salt balance, i. e., 
output exceeding input, and yet with inadequate root-zone leaching 
there may be progressive and harmful accumulation of salts in the 
root zone. 

From th(»se considerations it follows that field observations as to 
salt-balance conditions cannot be expected to yield precise information 
as to the volun)e of water annually dissipated by evaporation and 
transpiration unless supplemented by precise information as to the 
rainfall contributions. It follows, also, that because of inherent 
uncertainty as to the volume, concentration, and composition of the 
original ground water in an irrigated area and as to the extent of its 
contribution to the drainage outflow, the findings of a short-period 
salt-balance investigation should not be interpreted as applicable to 
the surface soil of that area. These findings must be considered as 
applying to the whole system, which includes the surface or crop- 
producing horizon of the soil together with the underlying ground 
water. Field observations extending over a few years should show the 
trend of events in respect to salt balance and should in^cate whether 
existing drainage facilities are adequate to maintain the present 
equilibrium for the area as a whole. It is manifestly desirable to 
know the facts in respect to the trend of change in salinity conditions. 



38 Journal of Agricultural Research voi. 6i, No. t 


The conditions of salinity that directly affect crop production are 
those that exist in the surface soil or root zon(\ It is chiefijr the water 
supplied to the root zone by irrigation or rainfall tliat is used by 
plants. If this water contains dissolved salt constituents in excessive 
concentrations, crop growth is impaired. It is therefore appropriate 
to obtain information concerning salt-balance conditions in the root 
zone as affected by the character and the quantity of the irrigation 
water. Such information is not readily obtainable from field investiga¬ 
tions. More precise information may be obtained by growing crop 
plants in soil und(ir conditions that peimit the accurate measurement 
of the volume of water applied and the volume of water that per¬ 
colates through the root zone. It is necessary also to determine the 
concentration and composition of the dissolved salts in the irrigation 
water and in the drainage water. 

LABORATORY EXPERIMENT 

The objective of the laboratory experiment here reported was to 
obtain information as to salt-balance relationships to supplement the 
information currently obtained bv observation of conditions in irri¬ 
gated areas. Particularly it was desired to ascertain (1) what propor¬ 
tion of the irrigation water must be allocated to root-zone leaching in 
order to prevent the accumulation of soluble salts in the root zone and 
(2) what proportion of the dissolved salts of the irrigation supply is 
absorbed by the crop plants. 

The results of the experiment show that for the whole period of 
iji years, during which the mean salt concentration of the irrigation 
water was 991 p. p. rn. (1.35 tons per acre-foot), it was necessary to 
allocate 22.5 percent of the input to root-zoiu^ leaching in order to 
prevent salt accumulation in the soil. For the included shorter 
period of 9 months, during which the mean concentration of the 
irrigation water was 1,119 p. p. m. (1.52 tons per acre-foot), the 
necessary allocation to root-zone leaching was 27.1 percent of the irri¬ 
gation input. 

In respect to the second question, viz, the proportion of the dis¬ 
solved salts that was absorbed by the crop plants (alfalfa), or by the 
soil, the findings for the longer period show that 13.7 percent of the 
total salts contained in the input water was so absorbed. During the 
shorter and final period the proportion so t^bsorbed was 11.7 percent 
of the input. 

The volume of water dissipated by evaporation and transpiration 
during the whole period of the experiment weighed 772 times as much 
as the dry weight of the alfalfa produced. For the included and final 
period of the experiment, the volume of water dissipated weighed 680 
times as much as the dry weight of the alfalfa crops. The mass of 
dissolycd salts absorbed by the crop plants and by the soil, i. e., the 
quantity in the input minus the quantity in percolate was, for the 
whole period, equivalent to 13.7 percent of the dry weight of the crop 
produced. 

SUMMARY 

The relation between the quantity of dissolved salts delivered to an 
irrigated area with the irrigation water and the quantity removed 
from the area by the drainage water is described as tne salt balance of 
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the area. A favorable salt balance exists when the output of salts 
equals or exceeds the input. The salt balance is adverse when the 
input exceeds the output. 

The conditions of irrigation and of drainage are described for three 
irrigated areas, two on the Rio Grande in New Mexico and Texas and 
one on the Colorado River in Arizona. 

The methods of determining and computing the quantities of salts 
entering and leaving an irrigated area are described, and the salt-bal¬ 
ance conditions for each area for a period of years are reported. 

The data for these irrigated areas include also the relative input and 
output of each of the seven more important salt constituents and thus 
show the changes in the composition of the dissolved salts that occur 
in each area. 

The field observations arc supplemented by the data of a laboratory 
experiment that had two major objectives, namely, with a given 
concentration of dissolved salts in the irrigation water, to determine 
(1) what proportion of the irrigation input must be allocated to root- 
zone leaching in order to prevent the accumulation of soluble salts in 
the soil of the root zone and (2) what proportion of the dissolved salts 
contained in the irrigation water is removed from solution by the crop 
plant (alfalfa) or by the soil. 




BORON ABSORPTION BY SUNFLOWER SEEDLINGS* 

By Carl S. Scofield, principal agronomist, in charae, L. V. Wilcox, associate 
agronomist, and George Y. Blair, assistant pomologist. Division of Irrigation 
Agriculture, Bureau of Plant Industry, United States Department of Agriculture 


INTRODUCTION 

It has come to be genoralljr accepted as a fact that many, if not all, 
crop plants require boron in order to make normal growth. In 
respect to a number of crop plants, definite and characteristic symp¬ 
toms have been identified as due to a deficiency of available boron 
in the soil. The literature in this field has been abstracted and several 
comprehensive bibliographies prepared (S, 4)-^^ It was shown by 
Maze (7) and later confirmed by Warington {11) that boron must 
be included among the essential constituents of artificial solutions 
for the production of normal plants in water cultures. Boron is 
thus one of an indeterminate number of elements { 14 )y such as iron, 
manganese, and zinc, that are essential to normal plant growth. 
Since the essential requirements of plants for these elements may be 
served by relatively small quantities as compared with the required 
quantities of such elements as carbon, nitrogen, potassium, and phos¬ 
phorus, the term ^'miotrophic'^ ^ is proposed for this group. In 
respect to plant nutrition, the miotrophic group includes such ele¬ 
ments as boron, iron, manganese, and zinc, which, though essential, 
are requiied in very small quantities. 

Although boron is an essential constituent of the soil solution for 
nonnal plant growill, it is injurious to most plants when its concentra¬ 
tion in the soil solution exceeds a few parts per million. Crop injuries 
have been reported as resulting from the use of commercial fertuizers 
containing salts of boron {2, 8,10) and also from the use in irrigation 
of natural waters containing boron (6), In previous publications 
{5,9) it has been shown (a) that solution concentrations of boron above 
3 or 4 p. p. m. may be injurious to many crop plants and (b) that the 
boron content of the plant material, particularly of the leaves, in¬ 
creases with the concentration of boron in the supporting solution. 

In making field surveys to find and delimit the sources of boron that 
occur in certain irrigation waters of the Western States, it was found 
that tlie work could be expedited by collecting and analyzing the leaves 
of certain widely distributed plants. For example, the leaves of 
sucli trees as the walnut and any of the common species of citrus 
show, by characteristic markings and by analysis, whether super¬ 
normal concentrations of boron are present in the soil solution. Simi¬ 
larly, a number of herbaceous plants, including the sunflower and 
alfalfa, contain supernormal quantities of boron if the boron concen¬ 
tration of the soil solution is abnoiinally high. In view of these 
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findings, it seems appropriate to explore the possibilities of the indi¬ 
cator-plant method in verifying and delimiting areas of boron 
deficiency. 

In the course of investigating the subject of boron toxicity, a method 
of analysis (I, V2) has been developed by which it is possible to meas¬ 
ure, with a fair degree of precision, quantities of boron as small as 
0.01 mg. in aqueous solution. By an adaptation (5) of this method 
it is possible to determine accurately the quantity of boron in plant 
material. It is possible also to determine, with acceptable accuracy, 
the total quantity of boron in a sample of soil, and the quantities of 
water-soluble and of acid-soluble boron in soils. There remains, 
however, some doubt as to a reliable method of determining, in a soil 
sample, the quantity of boron that is available to plants. This un¬ 
certainty has made it necessary to obtain infonnation as to the rela¬ 
tionship between the concentration of boron in a nutrient solution 
and the quantity of boron contained in plants grown therein. 

SUNFLOWERS GROWN IN SOLUTION CULTURES 

The sunflower was iise<l in this investigation because (1) the plant 
grows well under a wide range of natural and artificial conditions, (2) 
it produces in a few weeks^ time a relatively large quantity of plant 
material for analysis, and (3) it tolerates a wide range of boron con¬ 
centrations. The first objective was to determine wliether clear-cut 
symptoms of boron deficiency could be produced in sunflower seedlings 
by growing the plants in a nutrient solution made with ordinary labora¬ 
tory reagents that were knowm to contain traces of boron. 

EFFECT OF BORON ON GROWTH OF PLANTS 
Experiment 1 

Experiment 1 included three varieties of sunflowers and tw o culture 
solutions. The sunflow^er varieties wwe Mammoth Russian, Cali- 
foniia Double, and Califoniia Native. The first culture solution con¬ 
tained the following salts (millimoles per liter): Calcium nitrate 
(Ca(N 03 ) 2 ), 1.25; potassium nitrate (KNOs), 1.25; magnesium sulfate 
(MgS 04 ), 0.50; sodium chloride (NaCl), 0.50; and monopotassium 
phosphate fKH 2 P 04 ), 0.25; together with very small quantities of the 
sulfates of iron, manganese, and zinc. The second culture solution 
differed from the first by having added to it a quantity of boric acid 
to give it a boron concentration of 2.5 p. p. m. Several analyses of 
the culture solutions to wdiich no boron was added showed that it con¬ 
tained approximately 0.01 p. p. m. of boron. 

The sunflower seedlings, shortly after germination, were set in the 
perforated tops of 1-liter glass jars, with three or four plants to each 
jar. During the 40 days after the seedlings were set into jars the solu¬ 
tions were restored to volume daily with distilled water, and four times 
during that period the used solutions were discarded and replaced 
with fresh solutions. The plants were set in the solutions in the 
greenhouse at the Rubidoux Laboratory, Riverside, Calif., January 
30, 1939. By Februaiy 10 it became apparent that the plants grown 
in the solutions to which no boron had been added were not growing 
so well as the others. The difference in growth rate became greater 
as time went on. The plants grown without added boron made very 
little growth beyond the formation of the first leaves. The first inter- 
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node above the cotyledons was somewhat shortened, and the growing 
point soon died without producing the second inteniode. 

The comparative growth made by plants of the three varieties of 
sunflowers m 6 weeks in the culture solution is shown in figure 1 and 
in table 1. It is obvious from figure 1 that thci quantity of boron 
contained as impurities in the reagent salts used for the culture solution 
was insufficient to support normal growth of the seedlings. The 



Figure 1.—8iinfl(»wor seedlings grown for 6 weeks in culture solutions with (a) and 
without (b) added boron: .4, Mammoth Russian; B, California Double; 
C, California Native. 

weights of dry mat tex reported in table 1 show that the plants without 
added boron made only 15 to 25 percent as much growth as those 
having an ample supply of boron. 

Table 1.— Dry weighty boron content^ and boron concentration of each lot of sunflower 

seedlings of experiment 1 


Leaves and stems 


Culture solution and variety 1 

; Plants 

1 

Dry 

material 

1 

Boron in dry material 

No boron added* 

Mammoth Russian.. .- - ! 

Numt)er 

20 

QraTM 

8.1 

i 

MiUigratM 

0.12 

Parts per 

15 

California Double.-- . .. ... . 

16 

4.1 

.05 

12 

California Native. .. 

6 

2.1 

.04 

19 

Boron 2.5 p. p. m * 

Mammoth Russian. 

20 

45.6 

15.45 

830 

California Double.-. 

16 

27.4 ! 

8.66 

316 

California Native-.. . . — - 

7 

8.4 j 

2.38 

283 


The data of table 1 show the number of plants in each group, the 
weight of dry material in the leaves and stems, the quantity of boron 
found in this dry material, and the ratio of the boron to the dry 
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weight. In respect to the concentration of boron in the plant tops, 
the differences resulting from the two solutions are very large. The 
mean concentration of the plants grown without boron was 15 p. p. m. 
while those having an ample supply of boron had a mean concentra¬ 
tion of 313 p. p. ni., or 20 times as much. The results of this experi¬ 
ment showed that sunflower seedlings require for normal growth more 
boron than occurs as impurities in the ordinary reagent salts used in 
making culture solutions. They showed also that the plant material 
grown with an ample supply of boron contained much more boron 
than that grown with a deficient supply. 

Experiment 2 

For experiment 2, only 1 variety of sunflower, the Mammoth Rus¬ 
sian, was used. The same type of equipment was employed as in 
(experiment 1. Each group consisted of 24 plants in 6 jars of l-liter 
capacity. The solutions used were the same as in the first experi¬ 
ment, except that one more was used containing boric acid equiv^alent 
to 0.1 mg. of boron per liter of solution. Again, the seedlings were 
grown for 6 weeks in 5 successive solutions. The seedlings were placed 
in the solutions on February 24, 1939. The comparative growth made 
by the plants in the 3 boron concentrations is shown in table 2 aneJ 
in figure 2 from a photograph made on April 4, 1939, after 39 days. 



Russian sunflower seedlings grown for 6 week.s in culture 
ad^ded^boroT^*^**^^^^* added boron; B, 0.1 p. p. m.; and C\ 2.5 p. p. in. of 
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Table 2. —Dry weighty boron content, and boron concentration of each lot of Mam¬ 
moth Russian sunflower seedlings of experiments 2 to 4 




Boron 
added to 
culture 
solution 

Leaves and stems 

Experiment No. 

Plants 

Dry 

material 

Boron in dry material 


Number 

Pnrtn per 
million 

Grams 

MUlwrams 

Parts per 
million 


24 

0.0 

7.6 

0.11 

14 

2 ..... - ..... ... 

24 

.1 

56.5 

2. IS 

39 


24 

2.5 

51.6 

11.84 

229 


16 

0 

2.5 

.03 1 

12 


16 

.025 

24. 5 

.68 

28 

^ ■ 

16 

.05 

36.3 

.99 

30 

16 

.075 

35 0 

1.23 

35 


16 


36 3 

1.36 

37 


16 

0 

1.5 

.02 

13 


16 

.025 

37.0 

.89 

24 

4.. . .... ...... , 

16 

. 05 

45.4 

1.37 

30 

1 

16 

.075 

46 0 

1.85 

40 

1 

16 

. 1 

43.4 

2.07 

48 


The data of table 2 confirm the evidence obtained in the first ex¬ 
periment in respect to the comparable groups of plants. The growth 
made in solutions with no added boron was very restricted. On the 
other hand, the growth made in solutions containing 0.1 p. p. m. of boron 
was sliglitly larger than that made in the solution containing 2.5 
p. p. m. The plants ^-own in the boron-deficient solution contained 
0.11 mg. of boron, equivalent to 14 p. p. m. with reference to the dry 
material. The plants grown in the solution containing 0.1 p. p. m. 
of boron contained 2.18 mg. of that clement. The 30 liters of solution 
to which these plants had access contained approximately 3.3 mg. of 
boron. This indicates that these plants absorbed about two-thirds 
of the boron available to them. The results of tliis experiment sug¬ 
gest that with sunflower seedlings the essential concentration of boron 
is less than 0.1 p. p, m. in the solution. 

Experiment 3 

The objective of experiment 3 was to explore the effects of boron 
concentrations of 0.1 p. p. m. and less. The same type of equipment 
was used as in experiments 1 and 2. Each group consisted of 16 
plants in 4 jars. The same type of solution was used with boron added 
in concentrations of 0.025, 0.05, 0.075, and 0.1 p. p, m. There were 
4 successive solutions used during the 6 weeks of the experiment, the 
volume being restored daily with distilled water. The sunflower 
seedlings. Mammoth Russian, were set in the solutions on April 8, 
1939. The comparative OTowth made in each solution is shown in 
table 2 and in figure 3, A-E, from a photograph made on May 19, 1939. 

Table 2 (experiment 3) and figure 3, A-Ey show that even 0.025 
mg. of boron per liter added to the culture solution made possible 
greatly increased growth in the sunflower seedlings as compared 
with growth in culture solutions to which no boron was added. The 
next increment of boron (0.05 p. p. m.) caused a further increase of 
growth of 36 percent. The increased growth in the next two solutions 
was not very great. The plants in the solutions without added 
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Figure 3.—Sunflower seedlings grown for 6 weeks in culture solutions contain¬ 
ing: Ay No added boron; B, 0.025 p. p. in.; C, 0.05 p. p. m.; B, 0.075 p. p. m.; 
and Ey 0.1 p. p. m. of added boron; F, No added boron; G, 0.025 p. p. m.; 
H, 0.05 p. p. m.; /, 0.075 p. p. m.; and J, 0.1 p. p. m. of added boron. 
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boron made almost no growth beyond the cotyledon stage. Each 
group of plants had access to the boron contained in 16 liters of culture 
solution, 4 jars each, and 4 successive solutions. Thus the quantity in 
milligrams of boron available to each group of plants was, respectively, 
0.16, 0.56, 0.96, 1.36, and 1.76, including the boron presumably 
contributed by the chemicals used in making up the solutions. It 
may be notccl that the 16 sunflower seeds used for each group of 
plants contained approximately 0.025 mg. of boron. 

The quantities of boron found in the plants of two of the groups 
exceeded slightly the quantities estimated as available in the solutions. 
Slight discrepancies in these relative values are not surprising because 
the quantities involved are very small and approach the limits of 
accuracy of the determinations. It is evident from the data reported 
that in this experiment the plants took from the solutions practically 
all the boron that was present. The concentrations of boron in the 
dry plant material increased consistently with the increases in the 
culture solutions, and concentrations in experiment 3 are very close 
to those shown for corresponding solutions in experiment 2 (table 2). 

Experiment 4 

Experiment 4 was essentially a repetition of experiment 3. It 
differed in that it was conducted later in the season, May 13 to «July 25, 
when the temperatures wore higher, and also in that the culture solu¬ 
tions were renewed more frequently. Otherwise, the method and the 
solutions used were the same as in experiment 3. ^ith the advance 
of the season the seedlings grew faster and transpired more water. 
Observations as to the concentrations of the used solutions in experi¬ 
ment 3 had shown that the nutrient constituents were exhausted, and 
it was thought that more frequent solution renewals would give better 
results. In the 6 weeks’ duration of experiment 4 there were nine 
successive solutions used as compared with four successive solutions 
in experiment 3. 

The more frequent change of solutions increased not only the 
supply of nutrient constituents available to the plants but also the 
quantity of boron. The 9 successive solutions used made available to 
each group of 16 plants the following quantities of boron (in milli¬ 
grams): 0.36, 1.26, 2.16, 3.06, and 3.96, including the boron presum¬ 
ably contained in the reagents used for the nutrient solutions. The 
comparative growth of the sunflower plants during the 6 weeks of the 
experiment is shown in figure 3, and in table 2. 

The data of table 2 show that in experiment 4, as m experiment 3, 
there was a striking increase in growth as between the plants in the 
solution containing no added boron and those in the solution to which 
so small a quantity as 0.025 mg. per liter was added. In fact, most of 
the plants without added boron died before the experiment was con¬ 
cluded. The plants receiving 0.05 p. p. m. of boron made only 23 
percent more growth than those receiving 0.025 p. p. m., and there 
was no increased growth with the solutions of higher boron concentra¬ 
tion. It seems probable that the more frequent renewal of the solu¬ 
tions in this experiment supplied enough more boron to account in 
part for the growth differences shown in the two experiments. 

The ratios of quantities of boron found in the plants to the quantities 
available in the solutions were as follows: 0.025 p. p. m., 71 percent; 
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0.05 p. p. m., 69 percent; 0. 075 p. p. m., 60 percent; and 0.1 p. p. m., 
52 percent. However, the boron concentrations of the plant material 
increased progressively with increases of boron in the culture solutions, 

WATER ABSORBED AND TRANSPIRED 

In the course of experiments 2, 3, and 4, a record was made of the 
quantities of distilled water added daily to each jar of culture solu¬ 
tion to restore the volume. These records give a measure of the 
quantities of water absorbed and transpired by each group of plants. 
Experience has shown that with a given plant and similar climatic 
conditions the quantity of water transpired is closely related to the 
quantity of plant material produced, and the term ^Vater require¬ 
ment’’ IS used for the ratio between the two quantities. In table 3 
are shown the volumes of water lost by each group of plants grown 
in experiments 2, 3, and 4. No record was made of the water used 
in experiment 1. The table also shows the weights of dry material 
produced by each group of plants and the water requirement for each 
group. It will be noted that the water requirement increased with 
the advance of the season from March to July. 

Table 3. —Volumes of water transpired bp sunflower plants of experiments 2, 
and 4t and water requirement of each group of plants 


Evpenment No. 


Dr.v mate- \ 


j Plents ’ 

Boron in 

i Water j 

rial of 1 

solution 

i transpired i 

lea\es ami i 



i _ __J 

stems ! 

1 " 1 
j j 

Parts per 

1 : 


X'umber 1 

million \ 

1 Liters 1 

Grams i 

1 : 

1 0 01 

4 37 

7 0 ! 

24 , 

i * 

29.29 

.50 5 i 

j 

1 2 5 

20 08 

51 0 

1 

1 01 

1 42 

2 .5 


025 i 

16 29 

24 5 

16 

.05 i 

i IK 04 

3 ! 

! 

075 1 

, 20 10 

35 0 ! 


1 .1 

' 20 K4 

30 3 - 

! J 

I 01 1 

1 21 

1 5 

1 ! 

1 025 i 

27 .54 

37 0 

i ■ 

05 i 

3.3 K1 ' 

45 4 1 


.075 • 

30 HI ! 

40 0 1 

i !' 

1 

33.71 

43 4 


Water re- 
»iuirement 


Liter If-i- 
gra ms 

57.5 

r>is 

rtCiH 

605 

50W 

574 

.571 

K07 

744 

745 
KOO 


The record of the volumes of water absWbed and transpiied con¬ 
firms other evidence, viz, that of the apperance of the plants and of 
the quantity of plant material produced, in showing that boron defi¬ 
ciency sharply curtailed plant growth. In general, the water require¬ 
ment was slightly higher with the boron-deficient cultures but the 
differences were not great. 

In these experiments the volume of the culture solutions was main¬ 
tained by filling the jars from day to day with distilled water, and each 
culture solution, as restored to volume, was analyzed after it had been 
replaced by a new solution. These analyses show that the used solu¬ 
tions were of much lower concentration than the new solutions; in 
other words, that the plants had absorbed the dissolved constituents 
along with the water. Most of the water absorbed was subsequently 
transpired, but the dissolved constituents were retained by the plants. 
A record of the volume of water taken up by each group of plants and 
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a record of the boron found in each group make it possible to show, by 
the ratios between these values, the computed boron concentration 
of the water taken up by the plants. Table 4 shows the two values 
for each group of plants and the corresponding ratios. 


Table 4. —Volumes of water taken up by Mammoth Russian sunflower plants, boron 
content of the plants, and ratios of the two values 


Boron in solution (parts ixsr million) 

Experi¬ 

ment 

Water 
taken up 

Boron in 

1 leaves and 
stems 

Ratio of 
boron to 
water 
taken up 





Parts per 


No. 

Liters 

Milligrams 

million 


2 

4 37 

0.11 

0.026 

0011...... .... 

3 

1.42 

.03 

.021 


4 

1.21 

.02 

.016 


3 

16.29 

.68 

.042 

0.025-.. ... -.. . 

4 

27.54 

.89 

.032 


3 

18.94 

.99 

.052 

0.05...-. 

4 

33.81 

1.37 

.041 


/ 3 

20.10 

1.23 

.061 

0.075. .-.. 

4 

36.81 

1.85 

.060 


2 

29.29 

2.18 

.074 

O.l. ... ... 

3 

20.84 

1.36 

.065 


4 

33.71 

2.07 

.061 

2.5.... 

2 

26.08 

11.84 

.454 


» No boron added. 


These data pemiit comparison between the determined boron con¬ 
centration of the culture solution and the computed concentration of 
the water taken up. For the plant groups having culture-solution 
concentrations below 0.05 p, p. m. of boron, the boron concentration 
of the water taken up by the plants was higher than that of the culture 
solution. For the plant groups having solution concentrations above 
0.05 p. p. m. of boron, the boron concentration of the water taken up 
by the plants was lower than that of the culture solution. In other 
words, when the supply of boron in the culture solution was such as 
to provide 0.05 mg. of boron for each liter of water absorbed by the 
plants, the normal processes of growth could go on. The inference 
that seems warranted is that with sunflower seedlings, symptoms of 
boron deficiency occur when the boron concentration of the available 
solution is less than 0.05 p. p. m. 

PLANT WATER 

The sunflower seedling of these experiments contained a high 
proportion of water. When an experiment was concluded after ap¬ 
proximately 6 weeks, the plants were removed from the culture jars, 
the stems were cut at the junction with the roots, and the leaves 
were detached from tlie stems. The green weights were then recorded 
for the roots, the stems, and the leaves of each group of plants except 
for the plants grown in the solutions without added boron. The 
plants of these cultures did not produce normal leaves, so the upper 
part of the plant with the cotyledons and partially formed leaves 
was classed as stems. After the green w^ei^hts had been recorded, 
the plant material was dried to constant weight at 70® 0. The loss 
in weight on drying is liere designated as plant water. 

270950 -40-4 
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Because the water contained in the living plant is in contact with 
that of the supportmg solution and because the proportion of water 
to dry matter may be very different in the roots, stems, and leaves, 
the authors feel warranted in reporting the relationship between the 
volume of plant water and the boron found in the plant material. 
In calling attention to this relationship, it is not implied that the 
boron is all held in solution in the plant water. Some of it, particu¬ 
larly in the leaves, is probably combined with the plant material and 
is i)Ot in solution. However, the plant water constitutes a system 
that is interconnected throughout the plant and may serve as a 
common denominator to show which parts of the plant contain rela¬ 
tively the most boron. Table 5 shows the plant water, the plant 
boron, and the ratios between these values for the roots, stems, and 
leaves of the sunflowers grown in the experiments here reported. 


Table 5. —Volume of plant water^ boron content, and computed boron concentration 
of plant water in the roots, stems, and leaves of Mammoth Russian sunflower 
seedlings 

ROOTS 


Boron in culture solution (parts por million) 



o.on. 

0.025... 

005. 

0.075.. 

0.1 .. 

2.5.. 


No 


PMant 

water 

Boron 

1 

1 Tom- ' 
i puled i 
boron 
i concf'n- 
tration of 

1 plant 

I whaler i 

1 ' 

Mean 


MiUi- 

1 Patti per 

Parti per 

liters 

gramn 

1 million 

million 

33.2 

0.14 

1 4.2 


26.1 

06 

1 2.3 

0 0 

10 1 

.01 

1.0 


H.1 

.01 

1 1 2 


79.1 

.27 

3 4 

o o 

92.2 

.22 

2 4 

-6 V 

90.2 

.30 

3 3 


107.3 

29 

2 7 

O. {} 

mo 

.30 

2.8 

\ 0 9 

132 6 

.25 

1.9 

2.3 

2:^9 3 

.47 

2 0 


118 9 

.37 

3.1 

2. 6 

123 H 

.28 

2.3 


263.1 

.88 

3 6 


198.3 

.90 

1 

4.6 

1 



STEMS 


0.011 


0.025. 

0.06.. 

0.075. 

0 . 1 . . 


2.6 


1 

64 9 

2 

71 0 

3 

18,6 

4 

7 6 


94 3 

1 4 

199 8 

/ 

148 1 

4 

287 1 

1 3 

149.3 

4 

2IK) 0 

2 

278.3 

3 

166.8 

4 

256.0 

1 

232.5 

1 2 

168.4 


■| 


* 0.12 

1 8 11 

2.11 

1 6 ,1 

2.03 

1 6 if 

2 02 

2.6 I 

,20 

2 J \\ 

.48 

2 4 11 

.33 

2 2 jl 

. 66 

1.9 |/ 

..36 

2 4 h 

..53 


64 

1.9 1) 

..36 

2 2 l[ 

..54 

2.1 jl 

.82 

3.6 1 

.74 

4.7 !/ 


1.9 


2.2 

2.1 

2,1 

2 1 
4.1 


1 No boron added. 

2 Stems with cotyledons and stunted leaves. 
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Table 5 .—Volume of plant water^ boron contenty and computed boron concentration 
of plant water in the rootSy stemSy and leaves of Mammoth Russian sunflower 
seedlings —Continued 

LEAVES 


Boron in culture solution (parts per million) 

Experi¬ 

ment 

Plant 

water 

Boron 

Com¬ 
puted 
boron 
concen¬ 
tration of 
plant 
water 

Mean 

0 0113 

No. 

MttU- 

liters 

MiUi- 

grams 

Parts per 
mUHon 

Parts per 
million 

0025... -- 

0.05. -.. 

{ \ 

i i 

1 • 

{ J 

.92 0* 

107 1 
89.3 
121.1 
02.1 
129.0 
178.2 
86.9 
128. .3 
141 0 
159.0 

0.48 

.41 

.66 

.82 

.87 

1.32 

1.64 

1.00 

1.63 

14.63 

11.10 

5.2 

3.8 

7.4 

6.8 

9.4 
10.2 

9.2 
11.5 
11 9 

103.0 

69.8 

} 4.5 

7.1 

9.8 

10.9 

86.4 

0.075.-. 

0.1.-. 

2 5. 



1 No boron added. 

»These plants produced no normal leaves. 


Tlio data of table 5 show that in the roots the ratio of boron to plant 
water is.low, i. e., 2 to 4 p. p. m. and that the difference is not great as 
between the supporting solution containing 0.02*5 p. p. m. and the one 
(5oiitaining 100 times as much. In the latter case the boron con¬ 
centration of the plant water is only slightly higher than that of the 
culture solution. 

It appears also that in the plant stems the ratio of boron to plant 
water is approximately the same as in the roots. This suggests that 
in the absorbing and transporting tissues of the plant normal growth 
processes may go on if the boron content of the plant water of these 
tissues is equivalent to 2 p. p. m. 

In the leaves the boron ratios are higher. Furthermore, with the 
leaves these ratio values increase progressively with the increase of 
available boron in the culture solution. This may imply that in the 
photosynthetic tissues more of the boron is necessarily withdrawn 
from the plant-water system. 

BORON CONTENT OP DRY PLANT MATERIAL 

One of the objectives of the investigations here reported was to 
determine the suitability of the sunflower as a pl^nt to be used as an 
indicator in verifying or delimiting areas of boron deficiency in the 
soil. The need in such survey work is a plant that grows rapidly 
and under a wide variety of conditions, either in natural soils or in soil 
samples, and particularly a plant that absorbs boron in proportion to 
the quantity of that element available in the soil solution. Because 
it is usually more convenient to collect and use for analysis the dry 
plant material, the appropriate data from these sunflower experiments 
have been assembled in table 6 to show the boron content of the roots« 
the stems, and the leaves. 

These data show the boron content of the dry material expressed as 
parts per million. Consideration of the boron content of the root 
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material is less pertinent in this connection because it is not practicable 
to collect the roots of plants grown in the soil. The boron content of 
the stem material does not increase measurably with slight increases in 
the boron content of tlie culture solution. On the other hand, the 
boron content of the leaves increases progressively with the increase in 
boron in the solution. Through the range of solution concentrations 
from 0.025 to 0.075 p. p. m. of boron, the boron content of the leaves 
increases by 16 p. p. m. with an increase of 0.025 p. p. m. in the boron 
content of the solution. It is not to be expected that exactly this rela¬ 
tionship would be found to occur generally. But it may be expected 
that if sunflower leaves contain less than 50 p. p. m. of boron this may 
be taken as an indication of boron deficiency. 


Table 6.-- Boron content of dry material of rooia, sterns^ and leaves of Mammoth 
Russian sunflowers grown in solutions having different proportions of available 
boron 


Boron In culture solution (parts per 
million! 


0 01 L 


0.025, 
0.05 . 
0.075. 


0.1 


’ No boron added. 




Boron In dry material of— 


E\iK*ri 






iiiont 

Roots ^ 

Stems 

M<'an 

I.»eav(‘s 

Mean 


Paris per 

Parts per 

Parts per 

Parts per 

Parts per 

No. 

miJHon 

million 

mitt ion 

million 

million 

1 

7fi 

2 1.5 I 




2 

48 

2 14 . 




a 

12 

i 2 12 , 




4 

22 

2 H 1 


. 



f)T 

M 

' 20 i 

i 1 

) 22 

r 33 

1 24 

]■ 28 

if 4 

i 

40 

IH 

! 2' 1 

} '“1 

r 45 

1 43 

1’ 

/ ^ 

1 45 

1 30 I 

18 I' 
21 ! 

lU 

{ 

] 00 

W 2 

1 34 

1 17 ' 

1 

1 00 



1 54 1 

1 17 I 

19 

\ 00 

1 77 

70 

l| 4 

j 1 

23 ! 



1/ * 

03 1 

1 32 ! 

} i 

f 728 

.580 

li 2 

! 

1 77 ' 

' 28 i 

1 441 


2 Includes cotyledons and stunted loaves. 


These findings in respect to the boron content of the plant material 
make it clear that it is not necessary or even desirable in boron-survc}" 
investigations to collect and analyze the whole sunflower plant. 
Even with seedling plants only 6 wwks old, the dry weight of the 
stems usually exceeds that of the leaves. ^ Because of the fact that 
the stem material has relatively a low' and constant boron content, 
the inclusion of stem material wdth the leaf mat^^ial in samples 
taken for analysis would tend to diminish the differences that are 
sought. 

SUNFLOWERS GROWN IN A SAND CULTURE 

In addition to the solution-culture experiments here reported, 
another experiment (No. 5) was conducted. In this experiment the 
plants were grown in sand and watered with solutions similar to 
those used in experiment 1, viz, a solution to which no boron was 
added and a solution containing 2.5 p. p. m. of boron. The sand- 
culture equipment consisted of 12 Oldberg percolators, each contain¬ 
ing approximately 2 kg. of sand and 4 sunflower plants of the 
Mammoth Russian variety. The solutions were applied to the sand 
in excess. The percolates were collected, restored to volume with 
distilled water, and re-used for several days. Five successive fresh 
solutions were used during the 6 weeks of tlie experiment. 
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The sand used in this experiment had been used previoiwly in 
experiments dealing with boron toxicity, and conseq^uently it had 
been in contact with solutions containing relatively l^h concentra¬ 
tions of boron. Before its use in this sunflower experiment the sand 
had been washed carefully, both with acid solutions and with distilled 
water, so that its boron content must have been very low. The sun¬ 
flower plants grew very well in these sand cultures. Their appear¬ 
ance 6 weeks after germination is shown in figure 4. 



FiaiTBE 4.—Sunflower (Mammoth Russian) plants 0 weeks old, grown in sand 
culture.s: A, No iioron added to nutrient solution; B, 2.5 p. p. m. of boron in 
nutrient solution. 

A comparison of the appearance of the plants grown in the sand 
culture without added boron and of plants pown in similar solutions 
witliout the sand (figs. 1, 2, and 3) makes it clear that the plants in 
this experiment obtained some boron from the sand. The quantity 
of boron so obtained was evidently small, bc'cause all the plants 
grown in sand without added boron were subnormal in some respects; 
most of the leaves were distorted in shape, and some of the upper 
internodes were much shortened. The characteristic condition of the 
growing point of a boron-deficient plant is shown in figure 5. 

The findings of experiment 5, in respect to the growth, boron con¬ 
tent, and water used, for the two groups of plants, are shown in 
table 7. The plants grown without added boron were smaller and 
contained much less boron than those having an ample supply of 
that element. They also used less water but had a higher water 
requirement. The plants of experiment 5 grown with a solution con- 
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taining 2.5 p. p. m. of boron contained 597 p. p. in. of boron in 
the leaves as compared with 586 p. p. m. for the leaves of plants 
grown in similar solutions in experiments 1 and 2. 



Figure 5.—OrcnvinK point and upper leaves of a rmron-defieient sunflower plant, 
6 weeks after germination, in sand culture. 

Table 7.--Data on Maimvoth Russian sunflower plants of ex pen merit 5y grown for 

6 weeks in sand cultures 

[24 plants in each ^ron])] 


Culture solution and i)art of 
plant 


Solution without added boron 

Stems .. 

Leaves.. ... .. 

Solution with 2.5 i) p. m. of 
boron: 

Stems... 

Leaves.. 


Dry 

material 

Biiron m dry material 

Water 
used by 
plants 

Coinpiited 
boron 
content of 
water used 

Grams 

31.6 

29.4 

Milligrams 
0 51 
.97 

Parts per 
million 

10 

33 

Liters 
} 48.3 

Parts per 
million 

0.031 

4S.2 
30 4 

1.30 
18.15 

27 

597 

} 65.3 

. 352 


Water 

reguire- 

nient 


Liter ft 
grams 

792 


704 
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The plants grown without added boron in the sand cultures of 
experiment 5 were similar in appearance to those grown in experiments 
3 and 4 in solutions containing 0.025 p. p. m. of boron. In respect 
to the boron content of the dry loaves, the sand-culture plants 
contained 33 p. p. m. The plants ^own in the low-boron solution 
(0.025 p. p. m.) of experiments 3 and 4 contained respectively 33 and 
24 p. p. m. of boron in the leaves. The 24 plants of experiment 5 had 
access to 30 liters of culture solution estimated to contain 0.3 mg. of 
boron. This quantity subtracted from the 1.48 mg. found in the 
plants would leave approximately 1.2 mg. that must have been 
obtained from the 12 kg. of sand. In other words, it seems probable 
that the sand contained at least 0.1 p. p. m. of available boron. At¬ 
tention is drawn to this low ratio of Doron to the sand because it 
seems probable that had the sand contained much more available 
boron the plants would have absorbed it. Furthermore, it may be 
pointed out that it would be difficult, if not impossible, with known 
methods of direct analysis of soil, to measure quantitatively such a 
small proportion of boron. It is suggested that the use of plants to 
absorb the ''available^' boron from large masses of soil may be a useful 
method of testing soils believed to be deficient in available boron. 

SUMMARY 

It was desired to determine by experiment (1) whether sunflower 
])lants grown in water-culture solutions without added boron would 
exhibit symptoms of boron deficiency; (2) what is approximately the 
concentration of boron in the culture solution above which normal 
sunflower plants are produce<l and below which symptoms of boron 
deficiency appear; and (3) whether the quantity of boron absorbed 
by sunflower seedlings is directly related to the quantities of 
1 ) 01-011 available in the nutrient solution in the lower range of boron 
concentration. 

The n^sults of the experiments show that, if the culture solutions 
contain only the boron occurring as impurities in the ordinary c. p. 
salts used for nutrient solutions (approximately 0.01 p. p. m. of boron), 
sunflower seedlings do not grow normally and soon die. 

It was found that normal sunflow'er plants may be produced with 
culture solutions containing approximately 0.05 mg. of boron per liter 
and that, if the boron concentration of the culture solution is much 
b(‘low that lev(»l, grow th is restricted and the plants are abnormal in 
appearance. 

With culture solutions containing approximately 0.05 p. p. m. of 
boron, the ejuantity of boron absorbed by the plant, as determined 
by analysis of the plant material, is closely related to the quantity 
available in the solution. 

It is suggested that the quantity of available boron in a sample of 
soil or in soils in the field may be estimated by growing sunflower 
seedlings up to G weeks old and then analyzing the leaves for boron. 

An experiment in which sunflowers were grown in sand cultures 
indicated that the sand contained approximately 0,1 p. p. m. of Iwon, 
a concentration so low as to be difficult to determine quantitatively 
by direct analysis of the sand. 

It was found that throughout the lower range of concentrations of 
boron in the culture solution, the boron content of the roots and 
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stems of sunflower plants, with reference to the plant water, was 
equivalent to approximately 2 p. p. m. The concentration of boron 
in the leaves was higher and increased progressively with the increase 
of boron in the culture solution. 
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TWO NEW SPORE-FORMING BACTERIA CAUSING MILKY 
DISEASES OF JAPANESE BEETLE LARVAE' 

By S. R. Dutky 

Agent, Division of Fruit Insect Investigations, Bureau of Entomology and Plan 
Quarantine, United Slates Department of Agriculture, and research assistan 
m soil microbiology, New Jersey Agricultural Experiment Station 

INTRODUCTION 

Tl»e existence of diseases among larvae of the Japanese beetle 
{Popillia iaponica Newm.) and the part they play in the reduction of 
the populations of these larvae has been realized for some time. 
Probably the most important from the standpoint of the natural con¬ 
trol of the insect are the so-called milky diseases. Two distinct 
milky diseases are recognized, referred to hereafter as type A and 
type B, whose causal agents are two closely related spore-forming 
bacteria. The author proposes the name Bacillus popUlme, n. sp., 
family Bacillaceae, for the species causing the type A disease and 
Bacillus lentimorbus, n. sp., for the causal agent of the type B disease. 
A search of the literature relating to insect diseases as well as that on 
spore-forming bacteria has failed to reveal any fonns similar to these 
two bacilli. 

Hawley and White ^ indicated that the diseases of the Japanese 
beetle could be classified, on the basis of the gross appearance of 
affected larvae, into three groups, the black group, the white group, 
and the fungus group. They considered that the majority of the dead 
larvae found in the field belonged to the black group. They concluded 
that there was probably only one disease present among larvae of the 
white group. This disease was characterized by the presence of large 
numbers of a microorganism in pure or nearly pure culture, which was 
probably the causal organism. 

The writer* found that there were several diseases in the white 
group, of which types A and B milky diseases were the most prevalent 
and seemed to bo responsible for the greater part of the reduction in 
larval population within the older area of beetle infestation. More 
recently Hadley* has given a brief summary of the status of the dis¬ 
ease investigations. The present paper deals with the description of 
these milky disease organisms. 


‘ Roeoived for publication March 27,1940. An investigation of the diseases of the immature stages of the 
Japanese liwtie is i)eing earned on Jointly by the Bureau of Entomology and Plant Quarantine of the U. S. 
Department of Apncultiire and the New Jersey Agricultural Experiment Station. 

* Hawlev, 1. M., and White, G. F. pREUHiNARTSTitDiKs on the piaEASEs of larvae or the Japanese 
BEETLE (POPILLIA JAPONICA NEWM.). N. Y, Ent. Soc. Jour. 43’ 405-412, 1935. 

* Dutky, S R. iNVF.aTiOATiON of the diseases of the immature stages of the Japanese beetle. 
Unpiibl, thesis, Rutgers IJniv,, May 1937. 

* Hadley, C. JI. progress of Japanese beetle investigations. N. Y. Ent. Soc. Jour. 46: 203-216. 
1938. 
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THE TYPE A MILKY DISEASE ORGANISM 

SYMPTOMS OP THE DISEASE 
Gross Appearance 

To the inexperienced eye there appears to be little difFereiice be¬ 
tween healthy larvae and those infected with the type A milky disease. 
However, even in the early stages the diseased grubs show a turbidity 
of the blood which obscures the dorsal blood vessel readily seen in 
healthy grubs. As the disease advances, the grubs acquire a milky- 
white ai)pearance, which an experienced observer can easily dis¬ 
tinguish from the fat accumulation in mature larvae (fig. 1). 



A Ji 

Figure 1.—Ai)pcaraiice of health}^ larvae (-4) and of larvae with tyi)e A milky 

disease (B), X about 2. 

The activity of the larvae is not afl’ected until within a few days of 
death, when they become sluggish. At the same time tliev turn 
slightly brownish, except in the lower parts of the body, wliich become 
chalky white owing to the settling out of spores as the blood circulation 
slows down. 

Microscopic Appearance 

When blood from a diseased larva is observed under the microsixipe, 
it is found to be swarming with two types of cells—a highly refractile, 
spindle-shaped, spore-bearing rod, and a slender, nonmotile rod. 
These cells arc apparently developmental stages of the same organism. 
Few blood cells are observed, and these few appear little different from 
those of normal larvae. The milky-white appearance of the blood is 
due to these highly refractile spores, which may be present in numbers 
as high as 20 billion in the blood of a single individual (fig. 2). Exam¬ 
ination of the fat tissue surrounding the intestine shows a large 
number of spores. Examination of other tissues by gross dissection 
docs not reveal localization of spores in any number, although some 
are observed in the layers of cells of the midintestine. 

DEMONSTRATION OF THE CAUSAL RELATIONSHIP 

The causal relationship between the disease and the organism 
occurring in the blood was demonstrated as follows: When blood from 
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a diseased larva was injected into healthy larvae, the typical disease 

f )icture appeared. When saline suspensions of blood from a diseased 
arva were heated to 80° C. for 10 minutes and then injected into 
healthy larvae, the disease developed. The injected larvae showed 
the presence of the slender rod-shaped cells a few days after inocula¬ 
tion, and later both spores and rods, with the rods present in all transi¬ 
tional stages between the slender and the swollen spindle forms. 
These inoculation tests have been made with several thousand larvae 



Figure 2--Photomicrograph of the blood of a larva with type A milkv disease, 
showing spore and rod forms of the disease organism. X 1,200. 

and seem to establish the etiology of the disease and to show that the 
rod forms and spore-bearing spindle cells are only developmental stages 
of the same organism. 

DESCRIPTION OF THE CAUSAL ORGANISM 

Morphology and Staining Reactions 

The vegetative form of the organism is a slender, nonmotile rod 
occurring singly or in pairs. In the living condition the rods measure 
0.9 by 5.2 microns. When fixed by ^haudinn's solution and stained 
by Hucker's crystal violet, the dimensions are about 0.3 by 3.5 microns. 
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The mode of division appears to be by plate formation rather than 
constriction, and is evidenced by the squareness of adjoining ends of 
the paired cells. After separation the ends are somewhat rounded. 
The cytoplasm in young cells is homogeneous and stains uniformly 
with Gram stain; in older cells granules are often found, and after 
fixing and staining, unstained areas are seen which divide the cell into 
two unequal sections. 

The rods become swollen at sporulation. When the cell begins to 
swell, the spore becomes visible as a slightly refractilc vacuole equal 
in size to the mature spore. As sporulation proceeds, the vacuole 
becomes more and more refractile until a definite spore is observed. 
At this time the cell has a pronounced spindle shape, and the spore is 
located somewhat terminally. One end of the cell broadens, and the 
cell becomes more pyriform than spindle-shaped. A granule is now 
observed in the broadened end, wliich grows until it is about half the 
size of the spore. With the development of the granule the spore 
assumes a more nearly central position. The cytoplasm about the 
spore becomes increasingly refringent. 

After the completion of the refractile body and the increase in den¬ 
sity of the cytoplasm surrounding the spore, no further xnorphological 
changes occur. In the fresh state the spore and granule are homo¬ 
geneous in internal structure, and they do not take up cither stains 
or iodine. The spore is surrounded by a halo formed by the encir¬ 
cling protoplasm, but it is very definite in outline. Spores free from 
the sporangium have never been observed. The size of the unstained 
sporangium is 1.6 by 5.5 microns, and that of the endospore 0.9 by 
1.8 microns. When fixed by Schaudinn^s solution and stained witli 
Huckcr^s crystal violet, the refractile body and spore remain unstained, 
but the latter is obscured by the deeply stained surrounding proto¬ 
plasmic layer. When fixed and stained, the spore-bearing colls are 
approximately 1.3 by 3.6 microns in size. When stained by Dorner 
spore stain, both the refractile body and the spore retain the stain, 
whereas the cytoplasm is completely decolorized. The membrane 
of the vegetative rods and both the membrane and the refractile body 
of the spore-bearing forms are resistant to the action of alkalies, 
remaining intact for at least 2 days in 10-percent sodium hydroxide 
solution. 

Germination of the spores has never been observed in either the 
blood or the digestive fluids of the insect. 

Artificial Culture of the Type A Organism 

Repeated attempts to isolate the causal organism from the blood of 
infected larvae were unsuccessful. No evidence of growth, with 
either the vegetative or the spore stages, was obtained on nutrient 
agar by shake, slant, or Petri-dish culture methods. The inverted 
Petri-dish method of Krumwiede and Pratt,® which has frequently 
been used successfully for the isolation and cultivation of anaerobic 
bacteria, did not yield positive results. On blood-agar slants a slender, 
motile rod, forming small discrete colonies, was frequently obtained, 
but attempts to produce the disease by inoculation into healthy 
larvae wore not successful. In peptone-glucose litmus whole milk 

» Kbumwiede, Charles, Tb., and Pratt, Josephine, fusiform bacilli, isolation and cultivation. 
Jour Inf. Dis. 12: 199-201, Ulus. 1913. 
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heavy inoculations with spore forms yielded a slender, nonmotile rod 
identical in morphology with the vegetative forms seen in the blood 
of diseased larvae. No attempts were made to infect healthy larvae 
with the rods obtained in the milk cultures, since the number of rods 
produced in the cultures was not much greater than the number of 
ungerminated spores remaining in the medium. 

Recently, when dried-blood films from diseased larvae have been 
used as the source of spores for inoculation, a large proportion of the 
attempts to isolate the causal organism have been successful. 

Unheated egg-yolk media, used by White® for the isolation of 
Bacillus larvae White, proved to be satisfactory for the isolation of the 
type A milky disease organism. Heavy inoculations of spores from 
dried-blood films (700,000 spores per 5-ml. slant) were used, and the 
inoculated slants wore incubated at 33° C. Slants of the basal me¬ 
dium, with and without the addition of sterile unheated egg yolk, 
were incubated under aerobic conditions at atmospheric pressiu'e and 
at 700-mm. pressure, with the addition of 10 percent by volume of 
carbon dioxide. Inoculated slants were also incubated anaerobically 
under a pressure of 100 mm. of carbon dioxide. Under aerobic con¬ 
ditions growth of the type A organism occurred only on the egg- 
enriched medium, whereas under anaerobic conditions growth oc¬ 
curred equally with and without egg yolk. The beneficial action of 
the egg yolk must therefore be due in part to reduction of the oxygen 
content of the medium. The basal medium was fresh beef-infusion 
agar adjusted to pH 6.8, containing 0.5 percent each of dextrose and 
peptone. Sterile unheated cgg-yolk suspension was added at the rate 
of 1 ml. per 5 ml. of the basal medium. Beef-infusion agar without 
peptone and without dextrose was also satisfactory as the basal 
medium. 

The organisms form small discrete colonies on the slants, and as yet 
only nonmotile slender rods have been obtained in artificial culture. 
When the rods obtained in pure culture are inociriated into healthy 
larvae, the typical disease symptoms are produced and the blood of 
the inoculated larvae becomes loaded with typical spore forms of the 
type A organism. 

Resistance of the Spores 

The spores arc heat-resistant, withstanding temperatures of 80° C. 
for 10 minutes, as shown by the production of the disease in larvae by 
inoculation of heated spore suspensions. The thermal death point of 
the spores has not boon determined. The spores are also resistant 
to desiccation. Spores in blood films dried for periods as long as 42 
months have given consistently high infection when moistened and 
inoculated into hoalthyTarvae. 

Development op the Causal Organism in the Insect^s Blood 

When healthy larvae are inoculated with spores of the causal organ¬ 
ism and held at 30° C., certain developmental changes occur in the 
bacteria in the blood (fig. 3). For about 12 hours after inoculation 
no change is detected in either the morphology or the number of 
spores. Then there is a gradual decrease in trie number of spores 


« White, Q. F. American foulbrood. U. S. Dept. Acr. Bui. 809,46 pp.. Ulus. 1920. 
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until, after 30 hours, about half the original number remain. At this 
time vegetative forms are also seen in small numbers; they usually 
occur in pairs {Cj D), After 48 hours about one-third of the original 
spores remain, and rods are present in extremely large numbers, still 
largely in pairs. On the third day after inoculation the rods begin to 
swell and many cells show the presence of an oval central vacuole 
(£*, t). During the next 24 hours there is an increase in refrii^ency 
of the vacuole with the formation of the mature endospore {G, H), 
At this time most of the rods are observed in the early stages of 
sporulation; there is a slight bulging of the rod with the appearance 
of the vacuole, and a few cells with well-developed endospores, swollen 



Figure 3. —Drawing illustrating the inode of reproduction and sporulation of the 
type A milky disease organism in the blood of the Japanese beetle larva: 
A, Parent spore; B~Dy reproducing rods; B-/, sporulating rods in various 
stages of spore formation; J, mature spore-bearing rod. The question mark 
between A and B denotes that the exact mode of germination of the spores 
has not yet been determined. X about 6,000. 

considerably and somewhat pyriform, showing ft small granule in the 
broader pole (/), Periodic examination during the next 24 hours 
shows an increasing number of cells with initial granule formation and 
a few cells with the granule enlarged to the well-developed refractile 
body (J). The cells have the general appearance of those originally 
injected. By the sixth day the spores are sufficiently numerous so 
that the turbidity of the blood may be observed as a change in the 
external appearance of the larva. At this time many of the rods are 
still present, in the state both of division and of sporulation. The 
number of spores reaches a maximum about 7 to 10 days later, and at 
this time the larva is distinctly milky in appearance. The blood is 
found to be swarming with mature spore-bearing cells, and the rods, 
which are still present in considerable number, appear granular and 
many have lost their refringency. These so-called shadow cells are 
probably for the most part incapable of sporulation. The total num- 
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ber of spores in the blood at this time is from 2 to 20 billion, averaging 
about 5 billion, per larva. Subsequent examinations until the larva 
dies do not show any marked changes in the appearance of the spores, 
except that the surrounding protoplasmic layers are somewhat 
thicker and more refringent. Most of the rods appear to be either 
shadow cells, excessively granular cells, or sporulated cells that are not 
swollen appreciably. Me rods stain only feebly. Examination of 
droppings from diseased larvae or the contents of the mid- or hind- 
intestine has not revealed the presence of spores or typical vegetative 
rods. 


EFFECT OF TEMPERATURE ON TIME OF DEVELOPMENT OF DISEASE 

To determine the effect of temperature on the time of development 
of macroscopic svmptoms of the disease, larvae were injected with 2 
million spores and held at various temperatures. The times of develop¬ 
ment were as follows: 4 days at 34° C., 6 days at 30°, 9 days at 25°, 
11 days at 22°, and 14 days at 17°. Larvae held at 13° were not 
diseased after 63 days, and those held at 9° were still healthy after 28 
days. Wlien the larvae held at 9° for 28 days were placed at 30°, 
thw developed the disease after 5 days. 

The foregoing data show a linear relationship between the time of 
development of the disease and the temperature between 17° and 
34° C. This corresponds approximately to the mathematical expres¬ 
sion T=24—0.6 6 (°C.), where T is the time of development of the 
disease and 6 is the temperature of incubation. 

Other tests were run with inoculated larvae held at 36°, 37°, and 
40° C., for comparison with larvae similarly inoculated and held at 
30° as checks. Although the checks showed consistent disease devel¬ 
opment, in no case did larvae held at the higher temperatures develop 
the disease. Temperatures as high as 36° to 40° are close to the 
maximum tolerated by larvae, and in no case did larvae survive 
after 1 week. In view of the rapid development’of the disease at 
34°, lack of development after 7 days at higher temperatures seems to 
indicate that 36° must be approximately the maximum temperature 
for development of the causal organism. 

Larvae held at temperatures of 15° to 16° C. had not developed 
the disease after 29 days. The blood of larvae held at 15° for 29 
days was found to contain a few spores but no vegetative forms. 
From these observations it is concluded that the most probable tem¬ 
perature range for development of this disease is from 16°~17° to 36°. 

THE TYPE B MILKY DISEASE ORGANISM 
SYMPTOMS OF THE DISEASE 
Gross Appearance 

Larvae infected with type B milky disease found in the late summer 
and fall cannot be distinguished macroscopically from those infected 
with the type A disease. In overwintering diseased larvae, however, 
the general appearance is quite different. Instead of having a milky- 
white coloration, these larvae are a muddy brown. Overwintering 
diseased larvae collected in March were milky white with little or no 
brownish discoloration, but when held at room temperature they 
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darkened rapidly until at the end of 2 or 3 weeks they had assunied 
the chocolate color generally found in type B-diseasea larvae during 
April and May. Microscopic examination has shown this darkening 
of diseased larvae to be due to extensive formation of blood clots 
which are brown to jet black. Chocolate-brown larvae are still alive 
and active (fig. 4). The accumulation of these clots in appendages 
blocks the blood circulation, producing a gangrenous condition which 



A 



Figuke 4.—Photograph of living larvae showing darkening of the overwintering 
type B milky-diseased larvae due to clot formation: A, Normal larva; B, over¬ 
wintering diseased larva with clotting still quite limited; C, overwintering 
diseased larvae showing extensive clot formation (note the darkening of the 
legs caused by massing of the spores). X about 2. 

causes the affected parts to blacken. Death of such larvae is prob¬ 
ably the result of gangrene. 

When healthy larvae injected with blood of the brown diseased 
larvae develop the disease, they show the milky-white condition 
rather than the brown coloration of the larvae used as inocula. 

Microscopic Appearance 

The blood of diseased larvae shows the presence of large numbers 
of spindle-shaped spore-bearing rods and nonmotile vegetative rods 
(fig. 5). In blood of overwintering larvae the rods are nonrefractile 
shadow cells, and many of the spore-bearing rods show thickened 
and darkened membranes, which appear to be encysted by precipita¬ 
tion of blood about the spores. In addition, a large number of irregu¬ 
lar opaque bodies are observed, which are blood clots. 
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Fkiuhe 5.—Photomicrograph of blood of a larva with type H milky disease. 
Note the deeply stained spores and slender rod forms. X about 1,200. 


DEMONSTRATION OF THE CAUSAL RELATIONSHIP 

Tho disease is readily produced in hchliliy larvae by the injection 
of eith(*r heated or unheated suspensions of the blood of diseased 
larval*. Injection of either spores or vegetative rods produces the 
saini* sequence of events —namely, the appearance, first, of a lar^e 
number of v(*getative rods, followed by the typical spindle-shaped 
spore-bearing: forms and the milky-white coloration of tin* larvae. 

DESCRIPTION OF THE CAUSAL ORGANISM 
Morphology and Stainjng Reactions 

Thi* morphology and staining reactions of the vegetative form of 
t he type B milky-dis(‘ase organism are similar to those of the type A 
organism. The spore-bearing forms, however, although having con¬ 
siderable resemblance, are easily differentiated. The retractile body, 
so prominent in the type A sporangium, is absent in this form, and 
till* sporangium is more decidedly spindle-shaped. The morphologi¬ 
cal differences apparent in the living spores are just as pronounced 
in fixed and stained spores. In tho type B organism the spore- 
bearing rods take up crystal violet strongly and evenly, and the 
stained sporangium has a distinct lemon shape (fig. 6). 

The dimensions of the vegetative rod are about 1.0 by 5.0 microns 
in the living state, and 0.5 by 4.0 microns when fixed by Schaudinn’s 
solution and stained with crystal. violet. The dimensions of the 
endospore are 0.9 by 1.8 microns, and of the sporangium 1.4 by 3,9 
microns. When the sporangium is fixed and stained, its apparent 
dimensions are 1.9 by 2.8 microns. 
i>70or)‘.)—*0- 
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Both rods and spore-bearing forms are stained by Hucker^s modifi¬ 
cation of the Gram stain. The spores retain a deep red, and the 
sporangia are decolorized when stained by the Domer method. 

Attempts at artificial culture and isolation of the causal organism 
have thus far been unsuccessful. 



FiGtJHE 6 . —Drawings illustrating the major morphological differences between 
the type A and type B .spores: n, Type A, and Hy type B spore unstained: 
a, Refractilc body ; 6, endospore: c, sporangium. Note the absence of a retrac¬ 
tile body and greater .symmetry in B. C, Type A spore stained witli crys¬ 
tal violet: a, Po.sition of unstained refractile body. Note the lack of uni¬ 
formity in staining. D, Type B .«pore stained with crystal violet. Note 
the uniform .staining and lemon shape. X about 10,000. 

HfisnsT^NrE of the Spore.s 

The spores are resistant to heat, withstanding at least 85"^ C. for 
10 minutes when heated in physiological saline suspensions. They 
are also resistant to desiccation, producing the disease upon injection 
into the healthy larvae after drying in thin blood films on glass slide.s 
for as long as 42 months. 

Development of the Organism Within the Host 

Larvae were inoculated with 2 million spores by injection with 
spore suspensions of the causal organism, and held at 30° C. As 
with the type A disease, the organism is largely a blood parasite, 
although other tissues may be attacked. Periodic examination of 
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the blood showed the following changes in the organism: For 2 
days after inoculation a gradual reduction in the number of spores 
was observed. On the third day vegetative rods appeared in consider¬ 
able numbers, most of which were present in pairs. Adjoining ends 
of paired cells were truncate, indicating that the division probably 
occurred by plate formation rather than by constriction. The num¬ 
ber of rods increased with time, and swelling of the rods began on 
the fifth day. At that time the presence of vacuoles was also noted 
in a few cells. On the sixth, seventh, and eighth days there was a 
growing preponderance of swollen sporulating rods, until at the ninth 
day they were present in sufficient numbers to give the first external 
symptoms of the disease. 

At 30° C. development of the causal organism seems to be retarded, 
and the number of spores per larva seldom exceeds 1 to 2 billion even 
after 2 weeks at this temperature. At temperatures lower than 30° 
an increase in the number of spores continues after visible symptoms 
are observed, and after 2 to 3 weeks the typical milky-wliite condition 
of field-collected diseased larvae is reached. At this time between 5 
and 10 billion spores per larva are present. Mature tliird instars, 
inoculated by injection, frequently had pupated before the disease 
caused their death. 

EFFECT OF TEMPERATURE ON DEVELOPMENT OF THE DISEASE 

When larvae were inoculated by injection and held at different 
temperatures, both the time and the extent of development of the 
disease were different. As mentioned above, although the time of 
development of the first external symptoms is the same (9 days) at 
30° and 25° C., the extent of development is less at the higher temper¬ 
ature. At 22° external symptoms first appeared after 10 days, and 
at 15.5° after 19 days; at 12° there was no development after 03 days, 
and spores were in evidence but no rods. 

The absolute maximum and minimum temperatures for develop¬ 
ment have not been determined for the type B organism, but the 
observations between 12° and 30° C. indicate that 30° is close to 
the maximum temperature, since the disease develops less than at 
lower temperatures, and that the minimum temperature is between 
12° and 16°, probably closer to the latter. It seems, therefore, that 
the optimum and maximum temperatures for development of the 
typo B disease are lower than those for the type A disease, and the 
minimum temperature for development is very nearly the same for 
both diseases. Type B disease thus has a considerably smaller 
temperature range than type A disease. 

SUMMARY 

Two new spore-forming bacteria are described. These organisms 
are the causal agents of types A and B milky disease of the larvae 
of the Japanese beetle (Popillia japonica Newm.). 

The type A milky disease organism is a nonmotile Gram-positive 
rod measuring about 0.9 by 5.2 microns. The rods become swollen 
at sporulation, assuming first a spindle and then a pyriform shape. 
The spores are cylindrical and measure about 0.9 by 1.8 microns 
and are located centrally in the cell. In the broader pole of the cell 
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is fouiul a refractile body, which is about half the size of the s^re 
and possesses staining reactions similar to those of the spore. The 
temperature range of development seems to be from 16° to 36° C. 
The spores are found mainljr in the blood of the larvae, reaching 
numbers as high as 20 billion in a single insect. 

The type B organism is similar in appearance to the type A organ¬ 
ism in the vegetative stages, but is readily distinguished morpholog¬ 
ically after sporulation. The refractile body so prominent in the 
type A spore is lacking in the type B organism, and the spore-bearing 
rods are more nearly spindle-shaped. The temperature range of 
development seems to be somewhat narrower than for the type A 
organism, although the minimum temperature for development is 
the same (16° C.). 

Both organisms produce a similar disease condition in the larvae 
of the tJapanese beetle, so that upon gross examination the two condi¬ 
tions are usually indistinguishable. 

Only the type A organism has thus far been cultured on artificial 
media. 

The author proposes the name Bacillus popillmcy n. sp., family 
Bacillaceae, for the species causing the type A milky disease and 
Bacillus lent morbus f n.sp.,forthe species causing the type B disease. 



COLOR MARKINGS IN RHODE ISLAND RED CHICKS 
AS RELATED TO SEX AND ADULT COLOR' 

By F. A. Hays 

Research professor, Massachusetts AgrieuUural Experiment Station 
INTRODUCTION 

Rhode Island Red chicks have long been known to vaiy widely in 
the color of their down. Warren ^ made a study of the inheritance of 
down color in Rhode Island Red chicks and its relation to adult plum¬ 
age color and pointed out important variations in down color. Al¬ 
though he was not concerned with possible relations between down 
color and sex, he noted that striped chicks were preponderantly 
females. 

Byerly and Quinn ^ made a study of down color in Rhode Island Red 
chicks in relation to sex. They studied 1,102 chicks and well-developed 
embryos from production-bred stock and 663 chicks from a standard- 
bred flock. They classified chicks for black pigment spots on the 
head or stripes on the back, but they made no reference to brown 
pigmented areas on head or back. Their data showed that 47.5 percent 
of the chicks examined were spotted or striped and that 84.9 percent 
of the spotted or striped chicks were females and 77.8 percent of the 
nonspotted were males. Of the striped chicks 93.6 percent were fe¬ 
males. In standard-bred chicks 42.1 percent were either spotted or 
striped. Byerly and Quinn concluded that spotting and striping 
are widely distributed in Rhode Island Red chicks. 

Quinn and Byerly ^ made a further study of spotting and striping 
in Rhode Island Red and New Hampshire chicks exhibited at the 
Northeastern Poultry Producers Exposition in 1936. These chicks 
represented groups selected for uniformity in down color. Of a total 
of 650 chicks from 26 different entries, 24.9 percent of the Rhode Island 
Reds and 13.3 percent of the New Hampshires showed some melanic 
pigment. The sex was determined on five lots of chicks from each 
breed and in this composite sample only 19.4 percent showed any 
melanic pigment. A sex ratio of 142 males to 100 females was ob¬ 
served. The percentage of females in the spotted chicks was 78.8. 
New Hampshire chicks were freer from melanic pigment than Rhode 
Island Reds both in selected and unselected samples. 

EXPERIMENTAL METHODS 

Color markings were recorded for 8,713 Rhode Island Red chicks 
as they were taken from the incubator in 1937, 1938, and 1939. Most 
of these chicks were bred for high fecundity, but a small number bred 
for exhibition quality were included each year. Distinction was 

‘ Ueceived for publication March 18, 1940. Contribution No. 368 of the Massachusetts Agricultural Ex¬ 
periment Station. 

* Warren, D. C. the inheritance op Rhode island red chick down-color variations and their 

RELATION TO COLOR VARIATIONS IN ADULT TLUMAOE. JOUr. AgT. ReS. 39’ 78K794. lllUS. 1929. 

Byerly, T. C., and Quinn, J.P. sexual dimorphism in single comb khode island red down color. 
Jour. Hered. 27: 319-322, illus. 1936. 

* Quinn, J. P., and Byerly. T. C. spotting and striping in exhibition classes op Rhode island 
RED AND NEW HAMPSHIRE BABY CHICKS. Poultry Soi. 16: 422-425. 1937 
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made between brown and black pigment areas, and the location of the 
pigmented area was indicated. No attempt was made to breed for or 
against spotting and striping so that the data actually represent an 
unsclected population of pedigreed chicks. Adult color was taken at 
6 months of age on part of the birds and the color classes used repre¬ 
sent the general surface color. 

DOWN COLOR OF CHICKS WHEN HATCHED 

The down color of the chicks according to sex is recorded in table 1. 

Table 1 shows that in the male chicks 89.84 percent had no color 
markings; about 10 percent had either black or brown spots or stripes 
on the head; about 0.2 percent had black on the neck, 0.09 percent 
had brown on the nc'ck; and 0.38 percent had black on the back as 
compared with 0.16 percent with brown on the back. 

Among the female chicks 55.86 percent had solid down color and 
44.14 percent had some type of spotting or striping as compared with 
about 10 percent of marked chicks among the males. In the total 
population of 8,713 chicks the probability of any one chick being a 
marked female was only 0.2159 and the probability of a marked chick 
being female was 0.806. The data show further that female chicks 
are much more likely to have pigment stripes on neck and back, as 
Warren has pointed out. 

Table \ . —Color markingn of 8,713 viale and female chicks when hatched 


Color marking 

j M ales 

Females 

None... . 

! Alimber 
! 3,997 

Percent 

89 84 

umber 

2,382 

Percent 

55. 86 

Blackhead. .. ... . 

; 198 

4 45 

1,175 

27. 56 

Brown head . - - . 

259 

5 62 

703 

16 49 

Black neck. . 

1 9 

.20 

.55 

1 29 

Brown neck ... . .. . ... . 

! 4 

09 

19 

45 

Black back__ ... ... 

17 

.38 

106 

2 49 

Blown back__ - _ _ _ 

. 7 

16 

56 

1 31 

Chicks observed - . . _ _ _ 

1 • 4,449 


1 J 4, 264 

1 ‘ ■ 


‘ Several chickb appear more than once Ijecause pigmentation occurieci in more than ] area. 


DISTRIBUTION OF PIGMENT IN BLACK AND BROWN 
PIGMENTED CHICKS 

A comparison of black and brown pigmented chicks of the same sex is 
shown in table 2 for the 2,325 pigmented chicks. 


Table 2.- —The relation of sex to distribution of color markings in black and brown 

pigmented chicks * 


Body part 


Black pigmentation 

j 


Brown pigmeututiun 


Male 

Female 

Male 

Female 


Number 

Percent 

Nu mber 

Percent 

Number 

Percent 

Number 

Percent 

Head only... 

176 

88.44 

1,024 

87.22 

242 

96 03 

633 

90,43 

Xeck only .. 

0 

0 

0 

0 

1 

40 

0 

0 

Back only . _ 

2 

1 01 

.3 

.26 

1 

40 

1 

14 

Head and neck_| 

6 

3.02 

47 

4.00 1 

3 

1.19 

17 

2 43 

Head and back. 

13 

6 53 

93 

7.92 

5 

1.98 

47 

6.71 

Head, neck, and back 

2 

1 01 

7 

.60 

0 

0 

2 

.29 

Total. 

199 

_i 

— 

1 1,174 

.1 

252 


700 

- -- 


1 9 chicks record ed as having black in one part of the body and brown in another are omitted 


> See footnote 2. 
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When black pigment appeared in the individual there was no sex 
dilBFerence in its distribution. About 88 percent of males and 87 per¬ 
cent of females exhibited their black pigment on the head. Head and 
back showing black pigment in the shape of a head spot and a stripe 
on the back was next in importance and equally prevalent in the maxes 
and females that carried down pigmentation. Black pigment occurring 
as a stripe from the head along the neck was of considerable importance 
and probably about as frequent in males as in females in pigmented 
individuals. Black pigment did not appear on the neck alone; it did 
sometimes appear on the back alone. About 1 percent of black- 
pigmented chicks showed the black on head, neck, and back simul¬ 
taneously. 

Brown head spots were more prevalent in males than were black 
head spots. Brown on head and back was three times as prevalent in 
females as in males. Brown stripe on head and neck was more preva¬ 
lent in the females. Brown pigment seldom appeared on the neck or 
back alone and very seldom on head, neck, and back simultaneously. 

The data in table 2 indicate that black pigment spots and stripes 
were more common in the population studied than were brown pig¬ 
mented areas. There is furtlier evidence that some sex differences 
may occur in the distribution of brown pigment. 

DISTRIBUTION OF COLOR MARKINGS OF CHICKS IN THE TOTAL 

POPULATION 

A study was next made of the distribution of black and brown pig¬ 
ment without regard to sex in those chicks that carried pigmented spots 
or stripes at hatching. Table 3 records the combined data on 2,325 
c’licks. 

Table ^--Diatrihution of color markings of 2yS25 newly hatched black and brown 
pigmented chicks of both sexes * 


Body pnrt 

Black pigmentation 

Brown pigmentation 

Chicks 

Proi)or- 
tion of 

1 all chicks 

1 

Propor¬ 
tion of 
males 

Chicks 

Pro|K)r- 
tion of 
all chicks 

Propor¬ 
tion of 
males 


Number 

Percent 

, 

Percent 

Number 

Percent 

Percent 

Ueftd only. . .. 

1,200 

13.77 

14.67 

875 

10.04 

27.66 

Neck only... . .. 

0 

0 


1 

.01 

100.00 

Back only. .... .... 

,5 

.06 

40.00 

2 

.02 

50.00 

Head and neck.. . . , 


.61 

11.32 

20 

.23 

15.00 

Head and back .. .. 

m 

I 22 

12.26 

52 

.60 

9.62 

Head, neck, and back_ __ 

i_L 


22.22 

2 

.02 

0 

Total . .. 

1,373 1 

____ 

15 76 

14.49 

952 

10 93 

26.47 


1 9 chicks recorded as having black in one part of the body and brown in another are omitted. 


Of the chicks that showed black on the head only 14.67 percent were 
males, indicating that about 85 percent of the chicks with black pig¬ 
ment on the head were females, an observation which agrees closety 
with the findings of Byerly and Quinn.® When the head spot was 
brown 27.66 percent of the chicks were males. The appearance of 
black spots or stripes on head, neck, or back, or various combinationiP 
of these areas, showed about the same relation to sex. When the 


® See footnote 3. 
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pigment was brown it generally appeared on the head and was some¬ 
what less closely associated with sex. Chicks marked with black 
represented 15.76 percent of all chicks, and those marked with brown 
represented 10.93 percent of all chicks. There were, therefore, 
26.69 percent of all chicks that showed some color markings. From 
tlie total of 8,713 chicks there were only 26.69 percent whose down 
pigmentation could be used as a guide in separating sex. Considering 
the marked chicks only, 14.49 percent of those marked with black 
were males and 26.47 percent of those marf^ed with brown were males. 
When all chicks marked with black were combined with all marked 
with brown, 19.40 percent were found to be males and 80.60 percent 
females. As a practical means of separating sexes, down spots and 
stripes are of little value. 

RELATION OF DOWN COLOR MARKINGS TO ADULT COLOR 

An attempt was made to discover any relations that might exist 
between black and brown down color markings and general adult 
plumage color. For tliis purpose it was considered advisable to classify 
the birds at 6 months of age for general color of surface plumage 
rather than for color in different body regions. Adult plumage color 
was grouped into 5 general classes as shown in table 4 and male and 
females were considered separately and combined. Adult colors were 
recorded during the last 2 years of the study on 1,295 males and on 
2,493 females. The data are summarized in table 4. 


Table 1.- -Color markingH of chicks at hatching as related to adult plumage color 

and to sex, 1938 and 1939 


Sex and «ndult color 


Adults w hich, as chicks, were - 




Nonmark ed 

Black-marked 

Brown-marked 


Mules 

Veiy light red .. 

Lightled _ 

Medium red 

I>ark or stand- 
nrd red . 

Black mottled . 

Number 

21 

fi84 

;ni 

125 

42 

Percent 
\ 73 
56. 

28 11 

10 31 

3 46 

Number 

0 

20 

17 

16 

Percent 

0 

37 04 
31.48 

29 63 

1 85 

Number 

0 

13 

11 

3 

1 

Percent 

0 

46.43 
39.29 

10 71 

3.57 

Number 

21 

717 

369 

144 

44 

Percent 

1 62 
55. 37 
28 49 

11. 12 
.3,40 

Total . 

1.213 


54 

- 

28 


1,295 


Females: 

Very light red,-_ 

7fi 

5.1.3 

34 

4 70 

• 

25 

8 65 

135 

5 42 

Light red 

7H4 

.52.94 

312 

43.15 

1.53 

52.94 

1,249 

.50.10 

Medium red -- 

451 

30.45 

233 

32 23 

92 

31.83 

776 

31.13 

Dark or stand¬ 
ard red_ 

122 

8 24 

128 

17.70 

« 

3 11 

259 

10.39 

Black mottled 

48 

3 24 

16 

2 21 

10 

3 46 

74 

2 97 

Total. 

1,481 



- _ 

289 


2.493 

— 

Both 'sexes' 


^~j 







Very light red.. 

97 

3.60 

34 

4.38 

25 

7 89 

1.56 

4 12 

Light red_ 

1,488 

54.49 

332 

42.73 

166 

52. .37 

1,966 

51 90 

Medium red 

792 

29.40 

250 

32.18 

103 

32 40 

1.145 

30 23 

Dark or stand¬ 
ard red 

247 

9 17 

144 

18 .53 

12 

3.79 

40.3 

10 64 

Black mottled .. 

90 

3. 34 

17 

2.19 


3.47 

118 

3.12 

Total _ 

2,804 


777 


317 


3,788 



Of the 1,213 males that had no pigment spots when hatched, 
56.39 percent wen* classed as light red in adult plumage and 28.11 
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percent as medium red. Slightly over 10 percent approached the 
dark or standard red in adult color, and 1.73 percent were very light 
red. Black mottling appeared in 3.46 percent of the nonmarked 
males when they developed their adult plumage. 

The small group of male chicks that had some black markings 
exhibited a somewhat darker adult plumage than was observed 
in nonmarked chicks. About 61 percent of these black-marked 
chicks showed medium or dark adult plumage color. Only 37 per¬ 
cent of these males marked with black were recorded as light red in 
adult plumage and none as very light red. Black mottling was less 
common also in the black-marked males. 

A very small number of male chicks had brown spots or stripes. 
TluTe was some evidence that brown spotting or striping was associ¬ 
ated with light adult plumage color. The total male population 
showed light red and medium red as the prevailing adult color. 

Female chicks that were not marked showed a higher percentage of 
very light red individuals than the males and a somewhat smaller 
percentage of dark red. The incidence of black mottling was almost 
the same in both sexes. The data suggest in general that the pre¬ 
vailing shade of adult color was slightly lighter in females than in 
males on a relative basis. 

Black-marked female chicks developed a little darker adult color 
than did the nonmarked females. The pc'rcentage of dark-red birds 
among the black-mark(Hl females was twice as large as that among 
the nonmarked females. The percentage of light-red individuals 
w^as smallcT in the black-marked group and l)lack mottling was some- 
w’hat less frequent. 

Brown-marked female chicks tended to run a litthi lighter in adult 
plumage than nonmarked or black-marked chicks. There was a very 
small percentage with dark plumage color. Black mottling was 
equally frequent in brown-marked and nonmarked chicks. Adult 
males were slightly darker than females. In both sexes the appear¬ 
ance of black pigment in down appears to be associated with darker 
shaders of general plumage color in adults. Diffenmees observed in 
the adult color of black-marked chicks as compared with nonmarked or 
brown-marked chicks an' not outstanding but do appear to exist. 

In the total population light-red adult color prevails in the three 
kinds of chicks. There again appears to be an advantage from the 
standpoint of darker adult color and freedom from mottling in se¬ 
lecting chicks with black pigmented areas. In a flock bred for high 
fecundity where the general plumage color tends to run light, some¬ 
thing may be gained in plumage color by selecting chicks that show 
black pigment spots or stripes. 

SUMMARY AND CONCLUSION 

A study of 8,713 chicks largely bred for egg production was made to 
determine the relation of down pigmentation to sex and to adult 
color. 

Only about 10 percent of male chicks showed any color markings 
in the down as compared with about 44 percent of female chicks that 
showed spotting or striping. In the total population only 26.76 per¬ 
cent of the chicks had spots or stripes in the down. 
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In tlic male cliicks 4.47 percent had black pigmented areas and 5.66 
percent had brown pigmented areas; in the females 27.53 percent had 
l)lack pigmented areas and 16.62 percent had brown. 

The prevailing type, of pigment area was a spot on the head. In the 
population with pigmented down, black was confined to the head as 
often in males as in females. Brown pigment spots were slightly more 
common in male chicks in the population showing pigment spots. 
When chicks were striped the. color of pigment was more likely to be 
black. 

Considering only the markc'd population, about 15 percent of tin* 
chicks with black pigment were males and about 26 percent with 
brown pigment were males. 

Adult color in males averaged slightly lighter than in females. 

Chicks of both sexes that carried some black pigmented areas 
developed a slightly darker adult plumage color and fewer mottled 
individuals than chicks with solid down color or with brown pigmented 
areas. 

Color markings in down has no commercial value as an indicator of 
sex in the stock studied. 



THE SIGNIFICANCE OF THE “CEASED” REACTOR 
TO BANG’S DISEASE ‘ 


By B. A, Beach, professor of veterinary science^ Wisconsin Agricultural Experi¬ 
ment Station; M. R. Irwin, cooperative agents Bureau of Animal Industry^ and 
professor of genetics^ Wisconsin Agricultural Experiment Station; and L. C. 
Ferguson, cooperative agents Bureau of Animal Industry^ and instructor in 
veterinary science and genetics^ Wisconsin Agricultural Experiment Station, 

INTRODUCTION 

Are “ceased” reactors (i. e., those animals that have lost their 
agglutinin titer to BruceUa abortus following infection) a menace to 
the herds in which they are kept? This question presents an impor¬ 
tant practical problem to the owners of the many herds infected with 
the organism producing Bang’s disease. In the Federal-State Bang’s 
disease program for eliminating reactors (i. e., those whose sera 
agglutinate the causative organism at an appreciable titer) from the 
participating herds, the problem is also of importance since in many 
of these herds there undoubtedly are some animals that were once 
reactors, but cannot now be surely recognized as such. An investi¬ 
gation was made to find an answer to the question about ceased 
reactors, and the results are reported in the present paper. 

MATERIALS AND METHODS 

The ceased reactors were observed in tlu'ee different herds of cows. 
Nos. 1, 2, and 3, each of which had been artificially exposed to 
Brucella abortus. 

Herd 1 was assembled in 1926, and originally consisted of 44 
grade and purebred Holstein calves. The pregnant animals, 37 
individuals out of the original 44, were exposed to Brucella abortus 
in 1928, with results as previously described by Hart and his 
coworkers.^ 

After observations had been made on these individuals over a 
period of 2 years following their exposure, 14 were chosen as ceased 
reactors. (All the other anhnals of this herd were slaughtered and 
examined for the presence of Brucella abortus.) However, the serum 
of cow No. 40, cited in table 1, had reacted only slightly with BruceUa 
abortus at a dilution of 1:200, that of Nos. 4, 5, and 31, had reacted 
slightly at a dilution of 1:100, while that of No. 18 had never shown 
a definite agglutination with this organism. 

The object of the writers in including these five animals in the 
experiment and in presenting the data in the table, along with those of 
herd 2 whose sera gave only a low titer, or none, in agglutination of the 
pathogen, was because of the possibility that such animals might be 
carriers of the organism. (For example, after exposure of the cows of 
herd 3, the serum of one animal, 20C, never showed definite agglutina- 

‘ Received far publication December 4,1939. From Parxir No. 251, the Department of Veterinary Science 
and the Department of Genetics, Wisconsin Agricultural Experiment Station; investigation carried out 
in cooperation with the Bureau of Animal Industry, U. S. Department of Agriculture. 

* Hart, E. B., Hadley, P. B., and Humphrey, O. C. the relation of nutrition to contagious 
CATTLE ABORTION. Wts. Agr. Expt. 8ta. Res. Bui. 112, 45 pp.. Ulus. 1932. _ 
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tion of the pathogen. Furtliennore, she produced a normal calf at 
full term, yet guinea-pigs inoculated with her uterine fluid gave 
evidence of the presence of the organism.) It is a point of interest 
that the organism was recovered from 9 of these 14 cows, following 
examination of their aborted fetuses, fetal membranes, and colostrum 
by the usual method of guinea-pig inoculation. 

Table 1. — The extremes of the titer of agglutinins and the dotes on which these first 
appeared^ for 28 cows in 3 herds whose serutn wholly or nearly ceased to react 
with Brucella ahortus^ after infection was artificially induced by different methods 

HERD I, EXPOSURE BY FEEDING' AND CONTACT WITH NATURALLY INFECTED 

cows, I92H 




Scrum reaction 




i 

Time vk hen 



Highest titer and time 

titer disap- 

Cow 

No 


first observed i 

peared, or 

Method of exposure 


1 

nearly s ) 



Titer * 

After num-; 
lH‘r of ! 
months 
shou n 

After number 
! ol months 
i shown 

4 


3 8-1 100 

2 

! .3 

5 


S-1.100 

4 

' « 

K 


1 200 

.5 

(t 

12 


1:200 

1 

24 

17 

IS 

>S<*'.eral feedings, f^eiiteinlx'r to November .. 

1:200 

4 

0 

2S 


1 MOO 

1 

, 24 

31 


S-MOO 

3 

0 

33 


1-200 

3 

24 

3r» 


\ 1 • 200 

3 

, 24 

3f) 

Contact .... . . 

1.100 


1 7 

3S 

1 

( 1 200 

3 

fi 

40 

^Several feedings, J‘’epteniber to Novembei. 

< S-1 200 

4 

•*» 

44 

1 1.100 


1 0 


HERD 2, EXPOSURE BY INSTILLING A VIRULENT CULTURE INTO THE EVE. AND 
CONTACT WITH A NATURALl.Y INFECTED COW. 1933* 


«i3A ; 

"" 1 

(*) 

1 

32A 

1 

1 100 

3 1 

.WA 1 

! 

1..W 


f3A 

Eye installation and natural exposure. . __ _ 

1:25 

1 1 

«B 


1-25 

3 ; 

lOB 1 


1 50 

2 1 

1.5B 

_i__ 


1:100 



HERD 3, EXPOSURE BY FEEDING, EXCEPT AS NOTED 


3C 


1:400 

4 

12C 


1.200 

3 

20C 

24C 

Feeding of approximately 142.109 organisms .. . .. 

0) 

1-200 

1 

33D 


1:400 

4 

AH 


1.100 

2 

38D 

Instillation into eye . .. 

l:2tH) 



1 Stomach contents from aborted fetuses and cultures were used. 

2 Unless otherwise stated, the titers represent complete agglutination of the organism at the .stated dilu¬ 
tions of the serum. 

» S indicates a si ght rpaction at the dilutions shown. 

* Either always negative or only weak agglutination. 

» The cow that developed mastitis after being put into herd 3, is not included. 

® This cow had previously passed through an out break <»f Bang's disease. 

Herd 2 was assembled in August 1931, and consisted of the 14 ceased 
reactors from herd 1 and 22 cows, mostly virgin heifers (normals). 
Within the knowledge of the writers, none of these 22 individuals had 
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had any previous contact witli Brucella abortus^ except 1 cow (No. 23, A 
table 1) that had passed through an outbreak of Br. abortus some years 
previously. The serum of 1 of these 22 cows showed the presence of 
agglutinins for the organism about 2 months after the herd was 
brought together, and this cow was immediately removed. 

All the other animals, botli ceased reactors and normals, calved 
once, a few twice, in the period between the assembly of the herd and 
the artificial exposure. Five animals, one ceased reactor and four of 
the normal group, were for various reasons removed from the herd 
before the artificial exposure to Brucella abortus. Three normal, 
pregnant cows were added to the herd approximately 3 months before 
the exposure. All animals which had been diagnosed as pregnant 
were artificially exposed by way of the eye in September 1933. Those 
which were exposed for the first time and whose sera gradually lost 
their agglutinins for Br. abortus^ eight in all, vrere considered to be 
('eased reactors. The remaining animals of the herd were slaughtered, 
and examination was made of each for the presence of the infecting 
organism. 

With the 8 ceased reactors from herd 2 (table 1) as a nucleus, 
a repetition of the experiment was begun in August 1934. Twenty- 
eight virgin heifers were purchased from herds free of Bang^s disease 
and placed with the 8 ceased reactors, these together constituting 
herd 3. One of the 8 individuals developed acute mastitis early in 
the experiment and was n^movod; therefore, only 7 individuals are 
listed m the table. During the course of the experiment, 5 normal 
cows were added to the herd in April 1936, and 11 were removed at 
various times and for difi’erent reasons. Each of those 16 individuals, 
however, calvc'd at least once while in the herd, thus having had 
ample opportunity for (Contact with the 7 ceased reactors. Each of the 
otlier cows calved at least once, the majority twice, and a few three 
times, before the artificial exposure. Two abortions were observed 
among the normal animals. Tliese, however, presumably were not 
causeci by Brycella abortus, since agglutinins for the organism were not 
found in the serum of either of the two cows, and negative results were 
obtained by guinea pig inoculation and culture of the placenta and 
uterine fluid from each. 

The individuals that were diagnosed as pregnant were artiticially 
exposed to Brucella abortus in Alay 1937. The majority of those 
undergoing their first cemtact with the pathogen were fed a massive 
dose of the organism, while the ceased reactors were exposed by instill¬ 
ing a given amount of the culture into the eye. 

In both of these herds (Nos. 2 and 3), the ceased reactors and normal 
cows were placed togethc'r in the same barn, barnyard, and pasture. 
While in the stable, the normals were so placed as to give as much 
contact as possible with the ceased reactors. As stated, a few animals 
were removed from these herds during the experiment, usuall}^ 
because of failure to become pregnant. Any replacements that were 
made are mentioned only if they had contact while pregnant with the 
ceased reactors. 

Tests to determine the agglutinin titer of the serum of all animals 
in herds 2 and 3 were usually made at monthly, often at weekly, 
intervals. Both plate and tube methods of determining the titer of 
the serum were used, with reasonably close agreement in the titer as 
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found by the two methods. Independent readings of different 
samples of sera were often made by different workers. 

Throughout the course of these experiments (i. e., beginning with 
the assembly of herd 2 in 1931), in order to determine whether the 
ceased reactors were carriers of the organism, the colostrum and either 
the placenta or the uterine fluid, or both, were tested at cacli parturi¬ 
tion for the presence of Brucella abortus by the usual method of guinea- 
pig inoculation. 

RESULTS 

HERD 2 

A summary of observations on the ceased reactors in herd 2 has 
already been reported,^ and only a brief mention of certain of the 
findings will be made here. The titer for Brucella abortus of the sera 
of the 14 ceased reactors of this herd was determined monthly, or 
oftener, during the period from the beginning of the experiment in 
1931 to the artificial exposure of all the pregnant animals of the herd 
in 1933. Eleven of the ceased reactors were negative, or at most 
suspicious, in their reaction to the organism during this period. The 
sera of 3 of these individuals at times gave a low reaction. Furtheu*, 
injection into guinea pigs of th(5 colostrum from each quarter of th(» 
u(lder and uterine fluid from each of th(‘se 14 cows failed to r(*veal 
Br. abortus^ except in one instance, wluui from 1 cow, at 1 fn^slnuiing 
only, Br. abortus was recovered from the colostrum from 1 quarter* 
of the udder. 

During these tests it was noted that the serum from the colostrum 
fj‘om each of these cows showed the presence of antibodi(‘s (aggluti¬ 
nins) for th(^ organism at a dilution of 1:400, or higher. This titer, 
however, disappeannl after a few milkings. This finding suggests 
that there had been a concentration of antibodies in the udders during 
the nonlactating period. 

Shortly after the assembly of herd 2, the serum of one of the normal 
individuals showed a low titer (1:100) for the organism. This animal 
was immenliately removed from the herd and kept in isolation until 
after calving. The titer of her serum receded slightly, and the organ¬ 
ism was not recovered at calving (normal), following the usual guinea 
pig injections, or from the body organs when the covr was slaughtered 
shortly after calving. Except for this one individual, there was no 
indication of an increase in titer of the serum of the individuals of 
this group which presumably were noninfected when introdiKU'd into 
the herd. 

The exposure of the cows in herd 2 w'as accomplished by instilling 
virulent cultures into the eye, and also by introducing an infected cow 
into the herd. There were 20 cows pregnant at that time that had not 
previously been exposed to the organism. Following the exposure, 
the serum of 17 of these showed an agglutinin titer iov Brucella abortus 
of 1:50 or higher. The serum of 5 of these 17 cows gradually lost 
agglutinins for the pathogen. These 5, together with 3 others (9B, 
23A, and 63A in table 1) that never showed more than a suspicious 
reaction, if any, made up the 8 ceased reactors which later were placed 

i Beach, B. A., and Humphrey, G. C. the presence op br. abortus in the uterine fluid and in 
TW i milk and op agglutinins in the blood sera op so-called ceased reactor cows. Vet. Med. 
30:8-10. 1035. 
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in herd 3. It will be noted, therefore, that 5 out of 17 reactors, or 
approximately 29 percent, ceased to react. These 5 cows had normal 
cahres after exposure. One of the cows which had given a suspicious 
agglutination reaction aborted; the other 2 calved normally, 

HERD 8 

Herd 3, as previously explained, was started on the experiment in 
August 1934. From the time the herd was assembled to the time 
that the pregnant individuals were artificially exposed in the late 
spring of 1937, all the animals remained negative or nearly so, in their 
agglutination reaction. Only occasionally the serum of one or more 
of the seven ceased reactors showed a low agglutinin titer. 

In this herd, as in herd 2, the colostrum from each quarter of the 
udder and cither the placenta or the uterine fluid, or both, from each 
animal, whether a ceased reactor or normal, at the time of calving 
were injected into guinea pigs. In no instance was there any indica¬ 
tion of the presence of Brucdla abortus in the injected material. 

At the time that the animals of herd 3 were infecte'.d, there were 

24 cows that had not previously been exposed to the organism. Two 
of these were exposed by instilling 3 drops of a virulent culture into 
the eye of each; each of the remaining 22 individuals was fed 20 cc. 
of a heavy suspension of the same culture. Of these 24 cows, 6, or 

25 percent, became ceased reactors within a period of 24 months after 
the artificial exposure. One cow (20C in table 1), although proved 
to have been infected because of the undoubted infection of the guinea 
pigs injected with the uterine fluid at the calving following the arti¬ 
ficial infection, never gave any evidence of a rise in agglutinins follow¬ 
ing the infection. 


DISCUSSION 

From tlie information given in table I, it will be seen that it was not 
[xissible to predict, by the height of the agglutinin titer, whether or not 
an individual \^ould become a ceased reactor. A summation of the 
individuals of table 1 which in the three different herds became ceased 
reactors reveals that, for those whose sera showed complete agglutina¬ 
tion at the maximum titer given, there were two with a titer of 
1: 400, nine with 1: 200, six with 1: 100, and four with less than 1: 100. 
Also, there were four animals in herd 1 whose highest titer was 1: 200 
or less, as evidenced by a slight trace of agglutination at the titer 
shown. Furthermore, there were tliree animals in these different 
groups which failed to react after the artificial exposure. The animals 
whose sera never reacted at the prescribed dilution for reactors cannot 
strictly be classed with the ceased reactors, although in these tests 
they were included because they might have been carriers of the 
organism. One such individual (20C in herd 3) definitely was a carrier 
and therefore a probable spreader. One of the three cows (23A in 
herd 2) whose sera had never agglutinated the organism, had been in 
a herd which several years previously had suffered an outbreak of 
Bang’s disease, and thus may have been a ctnised reactor when intro¬ 
duced into herd 2. 

There can be no doubt of the adequacy of the artificial infection in 
each of these different herds, since in both herds 2 and 3 more than 
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half of the cows undergoing: their first exposure to Brucella abortus 
aborted their fetuses. In fact, the proportion of aborting cows was 
higher in both herds 2 and 3 than in herd 1. Tlie details of these 
infections, and of the response of the ceased reactor cows to second 
exposure, will be reported elsewhere. 

SUMMARY AND CONCLUSIONS 

Twenty-one so-called ^‘ceased’’ reactor cows in 2 herds (14 in 1, 
() in the other) were allowed to commingle with a total of 54 cows from 
Bang-negative herds through either 1 or 2 gestation periods for each 
of the normal cows. With the exception of a transitory infection in 
one-quarter of the udder of 1 of the ceased reactors, Brucella abortus 
was not demonstrated in any of these cows by culture or guinea pig 
injection at the time of calving. Aloreover, none of the 54 normal cows 
showed evidence of having been infected by any of the ceased reactors, 
as evidenced by the lack of agglutinins in their sera for Br. abortus, 
except 1 individual whose serum showed a low titer (1: 100) for the 
organism. This one reactor was in the same herd as the cow showing 
the transitory infection cited. The writers were unable to demoji- 
strate the organism in this cow either at the time of calving or after 
slaughter. 

The results of these experiments indicate that it is relatively safe 
to allow ceased reactors to Bang's disease to mingle with noninfected 
stock. It cannot deiinitel}’ be said that a ceased reactor cannot be a 
carrier of Brucella abortus^ but on the basis of these experiments, it 
can be staled that the probability is undoubtedly small. 
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phological characters which are mostly interrelated. The greatest 
correlation was with prolongation of husk, followed by many layers 
of husk and few husk leaves. (3) Resistant progenies were low both 
in number of larvae and damage per larva, possiblv indicating that 
plants avoided by moths were also less acceptable to larvae and 
‘Hhat at least a part of the immunity is the result of chemical differ¬ 
ences, perhaps the presence of some volatile substance distasteful 
alike to the moth and the larva.’’ (4) **No difficulty was experienced 
in securing by hybridization and selection the desired plant characters 
in combination with the seed characters of sweet corn.” 

A number of workers have studied, and some have emphasized, the 
importance of long husks as a protection against corn earworm damage 
(^, Sy 5, 6j 8, 9y 11 y 15,16y 18y 19). 807X10 of these workers also mention 

the importance of tightness of husk. Phillips and Barber (16) studied 
these characters in considerable detail in 13 varieties. Considering 
all years and all varieties, the ears with short loose husks had an 
average of 39.14 kemals injured per ear and those with long tight 
husks had an average of 18.79, a difference of 20.35 kernels per ear 
in favor of the latter class. The averages of the other classes were 
strictly intermediate. Phillips and Barber do not discuss the still 
greater intervarietal differences in damage shown by their data, which 
appear to indicate that differences between varieties may be of more 
importance than difference in husk type (16y table S). 

McColloch {12y ISy 14) showed that differences in mfestation of 
four varieties could be partly accounted for on the basis of relation of 
time of silking or stage of maturity to number of eggs. He found 
that fewer eggs were deposited on plants lacking rough and hairy 
leaves, and he mentioned the attractiveness of the silks as a character 
bearing on resistance. This factor has also been studied by Phillips 
and Barber (17). Barber (1) studied the relationship between the 
strong cannibalistic tendencies of com earworm larvae and the effect 
of long tight husks in confining the larvae of various instars within 
a small space where the larger apparently seek out, kill, and feed on 
the smaller ones. Isely (10) has shown that different plants and even 
parts of the same plant are not of equal value as larval food when 
measured by size, length of life, or adult fecundity. These and other 
shorter papers record the following as the chief mechanisms affecting 
the resistance of com to com earworm: * 

Length of husk, cannibalism of larvae. 

Tightness of husks. 

Number of husk leaves. 

Number of husk layers. 

Male florets at tip of ear. 

Synchronization of time of silking and peak of oviposition. 

Hairiness of plant. 

Length of silking period; number of ears per plant. 

Total leaf area available for oviposition. 

Attractiveness of plant for oviposition. 

Value as food for larvae. 

Dungan and his associates (7) have mentioned certain field com 
inbreds that transmit resistance to earworm in Illinois. 

MATERIAL AND METHODS 

There is reported here information gained at the Kansas station 
concerning resistance of com to the com earworm since 1924. The 
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earlier entomological investigations were conducted by the late 
Prof. J. W. McColloch; those smce 1928 have been under the direction 
of the senior author. In Kansas the com earworm usually has three 
generations and a partial fourth, and though frequently these are not 
distinct, the damage and infestation in com and other host plants 
increases more or less uniformly in severity toward the latter part 
of the season. In most years only an occasional ear of com escapes 
infestation. The number of ears studied during various years, the 
percentage of infestation, and other pertinent data are recorded in 
table 1. 

Table 1. —Intensity of corn earworm infestation, Manhattan, Kans,, 1929-37 


lAll varieties and hybrids] 


Voar 

Ears 

Infested 

Average 
class of 
injury 

Total 

Unin- 

fested 

1929.- 

1931 .. . .. 

1932 __- ... 

1933 .- - - 

1934 J. .-. . 

1935 . . 

1936 >. 

Number 
7,058 
20,1.59 
6,247 
19,697 

■■"'5,937 

Number 

1,506 

46 

623 

317 

66 

Percent 

78.7 

99.9 

90.0 

98.4 

■ ' 98.9 

0 ) 

3.5 

2.2 

2L4 

3.5 

1937,. . . 

Total. 

14,484 

.80 

■ 99.4 

3.4 

73,582 

i 

2,638 

96.4 

3.0 


1 Not «j<ed. 

2 (yorn killed by drought before ears matured. 

I Corn too badly damaged by grasshopjiers and drought for records 


The plant material used has been chiefly that grown in the breeding 
and yield-testing experiments of the Department of Agronomy, supple* 
rnonted by a few special experiments. Examination for eanvorm 
damage has usually been made at the time these plots were harvested. 
In the earlier years only tlie percentage of ears infested was recorded. 
Later it became apparent that even where all ears of two strains were 
infested they might differ markedly in the average amount of damage 
dome. Since 1930 the amount of damage on each ear has been deter¬ 
mined and the ears from each strain classified into six groups. Class 1 
contained those ears with no evident infestation; class 6, those with 
the greatest damage. In addition to the direct damage to kernels 
some weight was also given to poorly filled ears in cases where the 
condition of such ears appeared to be due to the cutting of silk by the 
corn earwnnn with consequent prevention of fertilization. Where 
feeding was done on the hardened keniels the damage was graded 
severely. The classification was kept approximately the same from 
year to year by the use of a photograph showing characteristic ears in 
each class (fig. 1). Later the data gathered in the field were used in 
calculating the average ^‘class of injury^^ for each plot. 

It is evident that a more detailed record, such as the number of 
kernels damaged per ear, would have been desirable, but with the 
limited funds and time available this was not practical. A large plot 
devoted entirely to com earworm study where the infestation and 
damage could have been studied as each strain reached maturity also 
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would have been desirable. It is known that several possible sources 
of error were present, particularly the possibility of mistaking the 
damage of other insects for that of the com earworm and the difficulty 
of classifying the nubbins which predommated in various strains during 
some of the drought years. The necessity for waiting for harvesttime 
also introduced some sources of error. On the other hand, the refined 
estimate of damage used, the relatively large samples available in 
some cases, and the opportunity of obtaining information on the actual 
strains being used in breeding work, as well as the possibility of study- 
ing large numbers of strains, are believed to have outweighed the dis¬ 
advantages mentioned above. Since the study was largely exploratory 
the method is believed to have been satisfactory. 

The hybrid and inbred material studied has thus not been selected 
consciously for resistance to earwonn, but is rather a more or less 



Figure 1, —The photograph used in classifying ears for corn earworm damage: 
Class 1 (not shown), no injury; classes 2 to 5, progressively greater injury; 
class 6 (not shown), all ears more severely injured. 


random sample of the com germ plasm being used for coni improve¬ 
ment at the Kansas station. A carefully controlled selection for 
extremes of earworm damage undoubtedly would have produced 
wider differences even in the absence of detailed information regarding 
the mechanisms of resistance. 

The range of variation foiind among the different strams studied has 
sometimes been small, but in those tests in which statistical analysis 
was possible significant differences have been found to exist. From 
yep to year there has been considpable diffpence in the average class 
of injury. Where it has been possible to get information there appears 
to be a parallel between this measure of damage and the percentage of 
ears infested. 

In 3 years, 1929, 1934, and 1935, a severe early infestation occurred 
in the agronomy nursery. The feeding of earworms on the opening 
curl rosmted in ‘^ragwonn’^ or ‘‘budwonn” damage. The percentage of 
plants damaged was recorded for each strain. 






July 15. IMO 


Injury to Field Corn Caused by Corn Earworm 


86 


The number of replications studied varied considerably^ from year 
to year and in different experiments. Two types of replications are 
available for study. In many tests the exact strain was repeated from 
2 to 10 times and data were secured on each replication. In tests 
involving singh^ crosses it has been possible to average all strains 
containing the same parent, thus obtaming replication and a measure 
of the average performance of an inbred in its hybrids. A similar 
procedure was followed with double and three-way crosses. Each plot 
studied usually consisted of 2 rows of 10 hills each so that approx¬ 
imately 40 ears were harvested and rated in regard to class of mjury. 
In the study of the performance of individual inbreds in single crosses 
the f^al average was frequently based on several himdred ears. 
Unless otherwise stated, the term ^'hybrid” as used in this paper 
refers to a first generation cross between two inbred lines. 

EXPERIMENTAL RESULTS 

OPEN-POLLINATED VARIETIES 

During the earlier years open-pollinated varieties were the principal 
objects of study. The infestation and damage to ears of nine of the 
varieti(‘s occuning most frequently are recorded in table 2. 


Table 2. —Infestation and damage to ears of open^pollinated varieties at Man-* 
hattan^ Kans., in certain years from 1925 to 1933 ^ 


Ears infostod 


»a Si 

§§ 5.2| I: 

a: 

£ 

P :Saa S: 


Hays Golden. 

Reid Yellow l)ent_ 

Tlarmoii White. 

Freed White. . 

Cassel White .. 

Colby Bloody Butcher.. 

Pride of Saline .. 

Midland Yellow Dent... 
Boone County White_ 


P«r- Per- 
cevl cent 


Per¬ 

cent 

95.4 2.16 

97.1 2.17 

100.0 2.22 

93.4 2.28 
100.0 2.66 


Per- Per¬ 
cent cent 


83.3 88.5 

78.8 80.8 


93.9 95.1 

80.9 86.8 

82.3 86.8 

80.4 86.8 

86.8 _ 

82.0 80.8 


88 .5 2.39 

86.8 2.39 

95.1 2.54 

86.8 2. 55 

86.8 2. 59 

86.8 2.61 

. 2.65 

86.8 2. 70 

85.7 * 3.46 


1 Arranged in order of average class of injury. 
* 2*year average. 


Studied were made of these varieties in 1925, 1927, 1929, 1931, 1932, 
and 1933. In order to provide a convenient means of evaluating the 
data, the average infestation of each variety has been compared with 
the average of Pride of Saline in the same tests. This method must 
be used with some caution since the relative infestation in some cases 
varied with the year and severity of infestation. Strictly speaking, 
only those tests conducted in the same season are comparable. Ci 
interpreting the data, no serious errors will be made if this fact is 
kept in mind. 

It is evident that the infestation on all varieties was much heavier 
during the last 3 years than during the first 3. The average percentage 
of ears infested for the 6 years indicates that Pride of S alin e had the 
h^hest infestation of any variety represented in all 6 years, but the 
difference of 8 percent between this variety and Reid Yellow Dent, 
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the variety with the lowest infestation, is probably of no great im¬ 
portance. 

The most obvious relationship between infestation or damage is 
that with stage of maturity, particularly with the date at which 
flowering or silking takes place. During the earlier years this rna- 
turity relationship was measured in terms of the days from planting 
until the time when one-tenth or one-eighth of the plants in a given 
plot were shedding pollen. Pollen shedding has been shown to be 
very highly correlated with the appearance of silks, and hence with 
the availability of silks, which are the preferred place of oviposition 
for the corn earworm moths. In the study of scatter diagrams of 
the data gathered during the several years there appeared to be a 
direct relationship between time of flowering as measured by pollen 
shedding and both percentage of infestation and class of injury. In 
1929, when the largest number of varieties were available for study, 
the correlation between date of one-tenth pollen shedding and per¬ 
centage of ears infested was r = 0.54 for the 45 entries. This corre¬ 
lation is considered highly significant.^ The data for the years 1931 
and 1932, in which 37 and 26 entries, respectively, were studied, show 
a similar relationship between the time of pollen shedding and the 
average class of injury. In the other years somewhat fewer varieties 
were available for study. 

From these data, obtained with open-pollinated varieties and gathered 
under the severe conditions of infestation in Kansas, there appears 
to be no very dependable difference of practical importance that can 
be measured independently of the date of pollen shedding or silking. 
This does not necessarily mean that there are no real differences be- 
between the different varieties. It seems reasonable to assume that 
the great variability within each variety obscures any real differences 
that might be demonstrated imder lower infestation and with larger 
samples, since susceptible strains within the varieties would render 
them especially sensitive to the synchronization of time of silking 
with the peak of moth oviposition. The belief that inbred strains 
and their hybrids would be more favorable material for study, and 
the gradual increase of interest in corn hybrids, led to the abandon¬ 
ment of further study of varieties. In recent years emphasis has been 
placed on the various commercial and experimental liybrids. 

INBREDS AND HYBRIDS WITH REFERENCE TO EAR INJURY 
Relation of Class of Ear Injury to Stage of Flowering 

Since 1930 many different hybrids in the agronomy testing nursery 
have been studied, but only a part of the data are here reported. 
These hybrids consist of single crosses, three-way and four-way crosses, 
and top crosses. Most of the data presented below concern single 
crosses since these tend to be more uniform and to give a better 
measure of the performance of the respective inbreds. The ability 
of an inbred to increase the resistance in the hybrids in which it occurs 
is the primary object of interest in these studies. Much of the infor¬ 
mation gained from hybrids other than single crosses has been used 
along with other data in selecting the more desirable combinations 
for the practical corn-breeding project. 

Since the hybrids studied have depended on the time and material 
available, the number of replications and the number of hybrids 

^ In testing]]the significance of the correlation coefficients, use has been made of table 7.2 by Snedecor (#d). 
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involved have varied greatly from year to year. Practically all of the 
hybrids studied have come from the breeding and testing nursery 
and from a few small plots planted especially for the study of com 
earworm infestation. In the ^onomy nureery the hybrids were 
usually grouped on the basis of similarity of origin or time of maturity. 
In the various tests in which replications imd arrangement of plots 
permitted the use of statistical methods, a minimum difference of from 



Kiottbb 2.—All corn produced i« 1938 by plots of two single-cross hybrids graded 
according to class of injury and showing contrasting earworm injury. The 
plots were located on opposite sides of a 3-foot alley: A, Row 16, Ks. Hy. 126 
X Ks. Y. 8. 151, average class of injury 2.45, three uninfested ears; B, row 103, 
Ks. M. 201 X Ind. 38-11, average class of injury 4.64, frequent damage far 
down on ear, 3 days later in flowering than row 16. Numerals on figure indicate 
class of injury. 

0.5 to 1.0 class of injury has been found to be significant. The consist¬ 
ent difference between the hybrids with light injury and those with 
severe injury, as shown in figures 2 and 3, is also certainly of economic 
importance. 

In all of the years the date of flowering, as represented by the appear¬ 
ance of silks or the shedding of pollen, has been available for com- 
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parison with tlio amount ()f oarworm iniury. Pollen shedding and 
silking ar(‘ iuiown to be highly correlated, and both characters have 
been used as a measure of the relation between time of silking and 
amount of damage, thereby giving some idea of the importance in 
various strains of th(‘. synchronization of time of silking and peak of 
moth oviposition. In 1931 the extension of the husk beyond tlu' 
ear tip was determined for each of 20,159 cars in a study of the effect 
of this variable on earworm damage. 


K ; i-; 



Figure 3.—Two single-cross hybrids graded according to class of injury and 
showing contrast in earworm injury. Both hybrids have all ears injured and 
have one parent in common: Ay Row 123, Ks. Hy. 126 X Ks. Y. S. 175, average 
class of injury 2.86; By row 121, Ks. Hy. 126 X Ks. Y. S. 167, average class of 
injury 4.38, severe injury to hardened kernels does not show well in the photo¬ 
graph; 1 day earlier in flowering than row 123. Numerals on figure indicate 
class of injury. 

In a group of 100 early single crosses in 1931 there was a range of 
average class of injury from 2.70 to 4.61. Pollen shedding took place 
in tills experiment between the dates July 4 and 17. A study of the 
correlation between the average class of injury and the days from 
planting until one-eighth of the plants in tne respective plots were 
shedding pollen, appeared to show no relationship (r=—0.05). A 
study of the scatter diagram and of records of the hybrids with the 
highest and lowest average class of injuiy (table 3) suggests the slight 
possibility of a curvilinear relationship between these two characters. 
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The number of hybrids at the two ends of the range of maturity is 
not sufficient to indicate whether this is actually the case. Such a 
curvilinear relationship, if it exists, could be due perhaps to the 
approach to a peak of moth oviposition at the begiiming and another 
at the end of the range of flowering. An examination of table 3 will 
indicate that it is possible to pick out hybrids each with low damage 
but with a considerable difference in the dates of flowering. Thus 
hybrids with the lowest and third from the lowest average class of 
injury were evidently of approximately the same stage of maturity as 
were the hybrids with the third and fourth from the highest average 
class of injury. 

In 1931 a study was also made of 149 hybrids involving more than 
50 different inbreds selected from Pride of Saline. These showed a 
range in average class of injury from 2.36 to 5.05 and a range in matu¬ 
rity as measured by days from planting to one-eighth pollen shedding 
of from 63 to 74 days. A study of the scatter diagram of this group 
of hybrids indicates little more relationship between maturity and 
average class of injury than was shown by the early hybrids men¬ 
tioned above, nor is there any evidence of curvilinear relationships. 
The data from the 12 highest and 12 lowest in earworm injury are 
shown in table 3, A study of the hybrids with the lowest and the 
highest average class of injury gives further evidence of the lack of 
relationship between these two variables. For instance, the hybrid 
with the highest and the one with the low^est average class of injury 
w^ere identical in time of shedding pollen and probably in time of silk 
('mergence. 

Among these Pride of Saline hybrids the relation between class of 
injury and the days to pollen shedding w'as studied in tlie 51 constitu¬ 
ent inbreds, the data being based on the average performance of 
inbreds in from 2 to 10 single crosses. The average days from plant¬ 
ing to pollen shedding varied from 64.0 to 72.8. On this basis of 
performance of inbreds in crosses there again appeared to be no close 
relationship between average class of injury and days to one-eighth 
pollen shedding. This is further indicated in table 4, in which the 
])arental strains wt're divided into guartiles and the average of the 
two variables for the different quartiles given. 

Table 4.“ "Relation of class of injury by corn earworm to (/) days from 'planting to 

one-eighth pollen shedding and (2) to husk extensiony among 51 Pride of Sedine 

inbredsy lines based on performance in single crosses 


Quartile 

No. 

Parental 

strains 

Average 
class of 
injury * 

Average 
lime from 
planting 
to H pollen 
sbedding 

Average 

husk 

extension 


Number 


Days 

Centimeters 

1 

13 

3.12 

66.4 

3.67 

2 

13 

3.49 

67.3 

4.41 

3 

12 

3.73 

68.8 

3.40 

4 

13 

4.07 

67.7 

3.61 


1 Arranged in order of average class of injury. 


There is a difference of only 1.3 days between the quartile with the 
lowest class of injury and that with the highest. The third quartile, 



92 


Journal of Agricultural Research 


Vol. 61, No. 2 


moreover, averaged later than the fourth in the date of flowering, 
indicating no clear-cut trend between these two variables. 

This same lack of any obligate relationship between stage of 
niaturily, as measuri'd by pollen shedding or silking, and class of 
injiiiy has also been foiiml in most of the other years in which it has 
i)(‘en studied in suflieient detail. In 19:i2, in a special test involving 
some of the Pride of Saline hybrids, the average class of injury in 
individual hybrids ranged from* 1.80 to 3.18 in two replications. The 
2 individual hybrids at the extremes of the range of class of injury 
varied only by 0.5 day in the number of days from planting to one- 
eighth pollen shedding. All 20 hybrids involved taken as a group, 
however, show a slight tendency for the later flowering ones to have a 
higher average class of injury. When the inbreds in this samci test 
were studied on the basis of their performance in single hybrids there 
appeared to be no close relationship betwcciii this stage of maturity 
and class of injury. For instance, inbred parent 14, represented in 10 
hybrids, and inbred parent 30, represented in 8 hybrids, showed a 
difference in class of injury of 0.52 it 0.1004, which is statistically highly 
significant. These same parents as measured by their performance! in 
hybrids differed by 1.3 days in respect to this stage of maturity. This 
small difference in dates of flowering can hardly be. considered to bo of 
biological significance*. 

In 1937, 35 throe- and four-way crosses and top crosses varied in 
class of injury from 3.04 to 3.95 as an average of feiur replications for 
each hybrid involved. An analysis of variance indicates that the 
difference in earworm injury between the hybrids is significant. 
These hybriels ranged in average days from planting to one-eighth 
pollen shedding from 69 to 77 days, and in days from planting until 
one half the plants were in silk, from 74 to 84 days. A scatter dia¬ 
gram shows a relationship hetween both these variables and the aver¬ 
age class of injiu-y. Those hybrids with the earlier pollen shedding 
or silking tend to have the higher class of injury. In one experiment 
concerned with 10 of these hybrids the correlations of time of flowering 
with class of injury were significant (with days from planting to one- 
eighth pollen shedding, r=—0.69; with days to one-half silking, 
r = —0.68). In another experiment in which there were 20 hybrids 
the correlations were still negative but not signifi(!ant (with days from 
planting to one-eighth shedding, r=—0.29; with days to one-half 
silking, r=—0.049). Tliis trend is exactly the reverse of that found 
in most yearn, and, incidently, is the reverse of that found in a group 
of popcorn varieties which wore studied the same year and which 
were silking and shedding pollen at approximately the same time. 
In spite of this reversal of the relationship between class of injury and 
stage of ear maturity, certain hybrids which had shown a low average 
class of injury in other years also showed a low average class of injury 
in 1937. Thus the resistant strains do not appear to bo as greatly 
influenced by date of silking as the susceptible ones. This fact would 
indicate that it may be the susceptible individuals within a varietal 
population, or the susceptible strains within a group of hybrids, that 
are primarily responsible for any general relationship that may exist 
between injury by earworm and the period of flowering. 
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Relation of Class Ear Injury to Length op Husk Extension 

The length of the husk extension beyond the ear tip was studied on 
the ^roup of early single crosses in 1931, as shown in table 3. Each 
hybrid appeared to be reasonably uniform for length of husk, although 
marked differences in husk covering were evident between hybrids. 
There was a maximum difference of 12 cm. between the average of 
hybrids with the least husk extension and those with the greatest. 
Negative readings indicate ears whose tips protruded beyond the ends 
of the husks. The correlation between the average class of injury 
and the average husk extension was negative and highly significant 
statistically (r:=“~0.29). A study of those hybrids havmg the least 
and those having the most injury (table 3) shows that there are 2 
among the 12 hybrids with the lowest average class of injury in which 
the tip of the ear extends beyond the husk, on the average, and that 
some of the hybrids in the group with the highest class of injury have 
husks which are as long as or longer than the hybrid with the lowest 
amount of damage. This would appear to indicate that while the 
length of husk is a factor among some hybrids it is not the only factor 
involved and in the case of some hybrids is perhaps of negligible 
importance. 

The same year (1931) the husk extension was measured on the 149 
Pride of Saline hybrids listed in part in table 3. In most of these 
hybrids tlie husk extended beyond the ear. There was a range in 
husk extension from an average of +11.15 cm. to —3.0 cm. among the 
different hybrids represented. In this case there appears to be some 
relationship between husk extension and class of injury, but this cer¬ 
tainly is not an obligate relationsliip since the average husk extension of 
the hybrid with tlie least injury was +6.65 and that of the hybrid wdth 
the second highest class of injury w-as 4-6.55. Similar comparisons were 
possible among the other hybrids. When these hybrids are studied on 
the basis of the constituent inbreds as smnmarized in table 4 there is 
only 0.04 cm. difference between the average length of husk extension 
of the 13 parental strains with the low^est class of mjury and that of the 
13 parental strains with the liighest class of inj ury. Detailed measure¬ 
ments were not taken in succeeding years in view of the apparent small 
obligate importance of the character of husk extension witliin the range 
available for study among the hybrids here. 

Performance of Inbreds in Hybrid Combination Under Various Seasonal 
Conditions as Measured by Class of Ear Injury 

A group of Pride of Saline hybrids has been studied through a period 
of years and the results have been analyzed on the basis of constituent 
inbreds. A summary of this analysis is showm in table 5. 



Table 6.—Corn earworm injury rating i of inbred lines from Pride of Saline based on their performance in single crosses, 1930-38 
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A study of these hybrids was begun in 1930, in which year only the 
percentage of plants infested was recorded: in later years damage was 
recorded on the basis of class of injury. This is the same group that 
has furnished much of the information given above. In 1930 and 1931 
records were taken on the hybrids made up from a group of 51 inbreds. 
Notwithstanding the fact that the 1930 data were taken on percentage 
of ears injured and the 1931 data on average class of injury, there is a 
highly significant interannual correlation between the performanfce of 
these 51 inbreds (r=+0.53). Twenty-three of these inbreds were 
represented by hybrids in 1938 and there is again a highly significant 
interannual correlation in the performance of the two groups 
(r=+0.75). 

In table 5, 19 of these inbreds which were represented by hybrids 
recorded in 4 or more years are ranked on the basis of a 3-year averf^e 
class of injury. The 3-year average is made up of from 5 to 29 hybrids 
and each average is based on from 200 to more than 1,000 ears. The 
average must be studied in the light of the number of hybrids involved 
in the different years. Inbreds 50 and 48 and probably 30 have too 
high a rating in tabic 5 because of the particular years and the number 
of replications involved in the average. For the other inbreds the 
ranking is relatively similar in the different tests despite wide seasonal 
differences and differences in the method of recording injury in one of 
the years. It appears, therefore, that the differences represented in 
the table by those inbreds with high and low class of injunr are genetic 
and hence of importance in a breeding program. Corroborative evi¬ 
dence has been furnished by the use of a certain single cross in hybrids 
involving resistant inbreds in double and three-way crosses. Single 
cross 4 X 14 proved to be especially useful. During the course of the 
experimental work a number of inbreds have been discarded, particu¬ 
larly those transmitting extreme susceptibility to corn earworm and 
other undesirable traits. Hence, it is probable that in the later years 
the spread between susceptible and resistant hybrids would have been 
greater had more of the susceptible types been retained. 

INBREDS AND HYBRIDS WITH REFERENCE TO BUDWORM INJURY 

Each year the corn ear worm does some damage at Manhattan to 
the upper leaves of young corn plants. This type of injury to the curl 
has been known as budworm or ragworm injury. On three occasions 
the damage in the breeding and testing nurseir has been so severe that 
certain rows in which no plants were injured were ve^ conspicuous. 
This called attention to the possibility that susceptibility to this type 
of damage might be inherited. In 1929 records were taken, and a 
range up to 50 percent of the injured plants was found. Since this 
type of damage does not occur with equal intensity each year there was 
no opportunity to restudy the strains on which records were taken. 
In 1934 a heavy budworm infestation occurred, and records were taken 
on most of the hybrids and inbreds in the agronony nursery. One 
group of single-cross hybrids being tested for the nrst time was of 
especial interest on account of the wide range in the amoimt of dam¬ 
age in various plots. All of the corn in these nurseries was destrojred 
by drought ana most of it cut early for forage; hence the same hybrids 
were reinanted the following year with but little change in the number 
of strains represented. Thus in 1935 when a second budworm in- 
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festation of similar intensity occurred it was possible to get a second 
record on identical material. The plants in the several strains were 
fairly closely related and did not differ materialljr in height at the 
time of the infestation. At harvesttime in 1935 it was possible to 
take records on the class of injury of ears from the same plants prev¬ 
iously recorded for budworm injury. The injury to ears, however, 
showed wide differences according to location m the field, and it was 
necessary to correct the figures for place effect on the basis of uniform 
checks which occurred every 10 rows. The early spring infestation 
in the curl of the plant showed no such variability. The performance 
of each inbred was calculated on the basis of the performance in hybrids 
in which it occurred, and the data were averaged for percentage of 
plants infested in the bud in respective years and average class of ears 
injured. In 1934, data were taken on the percentage of plants showing 
curl inj ury among the actual inbred parents. The number of plants con¬ 
cerned in this figure varied from 16 to 135. A summary of the re¬ 
sults obtained is given in table 6. 


Table 0 . —Relation of curl injury in inbred lines and hybrids to injury of cars in 
hybrids by the corn earworn -New Yellow hybrids^ 1934~3i} 



Inbred line 

Performance in 
hybrids 1934 

Performance in hybrids I9;i5 

Inhmi lino 

No. 

Plants 

Infested 

Crosses 

Average 

Crosses 

AveraRO 
plants in- 

Average class of 
ear injury 


repre¬ 

sented 

plants 

infested 

repre¬ 

sented 

fested — 
curl 
injury 

ObwServed 

Corrected 
for place 
etfect 

63 __ 

Number 

GO 

Percent 

U 

Number 

9 

Percent 

5 

Number 

9 

Percent 

11 

3 8 

3.6 
3.1 

r»7- ..- 

22 

0 

11> 

5 

12 

23 

3 3 

25...- 

46 

7 

6 

9 

6 

21 

4 1 

3 9 

33.-. 

31 

0 

10 

11 

11 

15 

3 7 

3 5 

48. 

109 

3 

14 

11 

14 

17 

2 8 

3.1 

51. - 

48 

5 

27 

11 

27 

18 

3 3 

3 3 

67. 

34 

34 

14 

12 

14 

2<J 

3 4 

3 6 

30_ 

16 

51 

13 

12 

13 

20 

4.0 

3.6 

5,3.. 

32 

12 

21 

13 

20 

19 

3 7 

3 7 
3.2 

60_ . - - 

84 

24 

7 

13 

7 

19 

3 4 

68.- - 

84 

19 

6 

13 

6 

25 

3 5 

3.9 

70__- 

31 

4 

r. 

14 1 

4 

18 

4 2 

.3.8 

54_ _ 

31 

18 

7 

14 

7 

20 

4 1 

3.9 

66 ... 

82 

55 

10 

15 

10 

27 

3 7 

.3. (5 

45.. .. _ 

74 

' 38 

8 

15 

8 

35 

2 9 

3.4 

26, . . ... 

7(1 

6 

19 

18 

18 

24 

3 5 

3. i 

55.. 

65 

52 

12 

21 

11 

30 

3 1 

3. 2 

56 . .. 

58 

22 

24 

21 

24 

37 

3 0 

3.4 

75 .. 

45 

70 

18 

24 

17 

24 

3 9 

3 8 

hS __ 

33 

17 

8 

25 

7 

33 

3 3 

t 3.3 

64 . 

16 

75 

5 

26 

5 

37 

3 7 

3.8 

3.3 

61... _ _ 

135 

66 

15 

27 

15 

32 

3 3 

28 . . 

52 

25 

7 

29 

7 

31 

3.2 

3 5 

73__ _ 

45 

18 

4 

33 

4 

37 

4 2 

3 9 

69.. - .. 

66 

45 

8 

35 

8 

31 

3 2 

3 2 

50 .-.. 

43 

68 

9 

60 

9 

40 

3.8 

3 8 

42 . 

18 

73 

9 

50 
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All oxainiiiatiou was made of tlie relationship between the per¬ 
centage of inbred plants mfested and the average percentage of plants 
infested among the hybrids in which each inbred was represented. 
The correlation between the curl injury to parents and to Fi hybrids 
in 1934 was highly significant (r= 4-0.67). The intcrannual correla¬ 
tion between the percentage of infested plants in identical hybrids in 
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1934 and 1935 was also highly significant (r=+0.73). On the basis 
of performance of inbreds it was possible to compare the percentage of 
plants showing bud worm injury with the average class of ears injured 
in 1935 on hybrids from these same inbred Imes. Among hybrids 
representing 27 inbred lines the correlation between these two kinds 
of injury was not significant (r== 4-0.003). 

These data indicate that resistance to budworm injury, whatever 
its cause, is inherited, and in some cases, at least behaves as a domi¬ 
nant character. The lack of close relationship between average class 
of ear injury and percentage of plants showing budworm injuiy indi¬ 
cates eitner that these two characteristics are governed by dmerent 
sets of genetic factors or that the difference in ear injury which 
results from difference in resistance was distorted so by the date of 
silking that relationship to budwom injury is obscured. In view 
of the results reported elsewhere in this paper on class of ear injury, 
it is believed that the former explanation is the correct one. An 
inbred which confers on it hybrids a high degree of resistance to bud¬ 
worm injury would be desirable since such a character might tend to 
limit the increase of the earworm in the field. 

MASS SELECTION FOR EARWORM RESISTANCE 

In 1932 a beginning was made in a mass-selection experiment for 
altering earworm resistance within the open-pollinated variety Pride 
of Saline. Two lots of seed selected in that year, consisting of a group 
of uninfested ears and a group of fairly severely injured ears, were 
planted in neighboring areas on the agronomy farm in 1933. Five 
samples of approximately 50 ears each from consecutive stalks were 
selected the following fall from distributed areas within each plot. 
The ears from the uninfested seed corn averaged 0.2 of a class lower 
than the cars from the infested seed corn. This difference probably is 
not statistically significant, but an examination of the data indicates 
that the average of every sample from the plot with infested seed 
corn showed more injury than the average of the entire other group, 
and four of the five samples from the plot in which the seed corn was 
free from infestation showed less injury than the average of the other 
group. Hence, in this &st year the mass selection had given slight but 
apparently consistent improvement in the expected direction. Ears 
similar to those selected the preceding year were picked from the two 
plots and planted in 1934. That year both plots were entirely de¬ 
stroyed by drought and the seed supply was lost. It appears, however, 
that mass selection may not only provide a promising method for 
improving open-pollinated varieties for insect resistance, but may 
furnish a source of breeding material for earworm-resistant inbreds. 

DISCUSSION AND CONCLUSIONS 

In the material studied, the relationship between date of flowering 
and earworm damage to ears was much more apparent among varieties 
than among inbreds and hybrids. Under conditions of extreme infes¬ 
tation such as occur at Manhattan, this relationship is probably du<*. 
to the greater variability in individual plants of open-pollinated 
varieties which tends to obscure any resistance that may be present 
in the general population. The influence of date of flowering on ear- 
270068—40-2 
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worm injury would be most evident in those strains or individual 
plants that lack other mechanisms of resistance, such as those listed 
earlier in the paper. It is the predominance of these more susceptible 
individuals within a variety which is probably responsible for the 
relationship mentioned. Under other (‘nvironrnents with lower inci- 
(ience of the corn earworm it is possible that the longer silking period 
of varieties as compared with hybrids w^ould place varietii'S at a dis¬ 
advantage on the basis of percentage of infestation. 

Among the hybrids or inbreds studied there have been varying 
numbers of the more susceptible types in the different experiments, 
and this fact would account for a part of the inconsistency in the cor¬ 
relation betw(*.(‘n injury and time of flowering in the', various experi¬ 
mental groups. An examination of table 3 will furnish additional 
information on some of these points. In the experiments there re¬ 
corded, as in other experiments, the hybrids having a low class of 
injury are generally less variable' in respect to this characte^r than are 
hybrids with a higher class of injury. The ears e)f the 1 ess-injureel 
strains are classified most frequently in two or three classes, wher-eas 
those of the inore^ severely injured strains fall into four eir five classe's; 
less commonly inte) three' or six. The greater variability of the latte'r 
hybriels is perhaps a re'sult of their se'nsitiveness te) e'nvironme'nlal 
influence's because of highe'r susceptibility. The'se ce)nclusions are 
based on e*e)nelitions of high infe'station at Manhattan anel might ne)t 
hold under eliftere'nt conelitions or in te'sts wlu're' elamage' was re'ceuele'el 
as a j)e'rce'ntage of infe^ste'el ears. 

Ane)tluu' evielent reason lies in tlie seasonal variability in the peaks 
e)f moth oviposition. Unfortunately no eletaileel informanem is 
available on the seasonal life liistory of the* insect during the years in 
whieii these observations were maele. Tlie^ years e*e)ne*enieel have 
diftere'd greatly in climatic factors, and unquestionably these have had 
a differential effect on insect and plant life histories. 

The length of the husk extension would have a greater influence on 
earworm damage among strains which are suscei)tibl(^ in other 
respects than among those which are more resistant. This may 
explain the correlation between husk extension and ear damage in some 
cases, but at the same time it is equally evident tluit long husks are 
not responsible for low damage in some of the hybrids. It ap])ears 
possible, therefore, to obtain some degree of resistance to (‘arworm 
injury independent of both husk extension and pc'riod of flowering. 
From time to time observations Iiave been made on tightness of husk 
and other (;hara(;ters which might be concerned in eaiwvorm injury. 
So far no promising or easily measured characters have be('n found. 

The most important result of these investigations is the evidence 
obtained that certain inbreds as represented by their performance in 
hybrids are consistently less injured than others. Year after year, 
in spite of considerable differences in seasons and in intensity of in¬ 
festation, there appears to be evidence of the inheritance of resistance 
iTidependent of some of the measurable mechanisms and of fluctuations 
caused by the environment. The dift’ercnces in earworm damage, 
although small, may be of importance in their promise of future possi¬ 
bilities in specific selection for earworm resistance. The hybrids 
studied have been from inbreds selected for characters other than 
earworm resistance. Such resistance as has been found has resulted 
from random selection insofar as earworm damage is conccnied. 
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Since differences exist under these circumstances it is probable that 
conscious selection for earworm resistance would yield greater differ¬ 
ences. It appears worth while to utilize such differences as are at 
present available in commercially desirable hybrids. Com breeders 
should not lose sight of the possibility of including in their inbreds and 
hybrids the best qualities of insect resistance available in the germ 
plasm of the foundation varieties. 

SUMMARY 

A consistent tendency toward resistaiuje or susceptibility to ear- 
worm damage to ears has been transmitted by certain inbred lines of 
corn. 

Length of husk extension and date of flowering have some influence 
on the amount of damage to cars, particularly in heterogeneous ma¬ 
terial, but many marked breaks in the correlations occur, suggesting 
other and more subtle causes of differences in severity of injury. 

Under conditions at Manhattan, Kans., the relatively susceptible 
strains appear more sensitive to the influence of date of flowering and 
length of husk extension than do the relatively resistant strains. The 
greater influence of these factors in open-pollinated varieties may be 
due to the high j)roportion of susceptible individuals present in the 
material studied. 

Differences in resistance and sus(;eptibility to injury to the develop¬ 
ing curl or bud of young com plants are also inherited. Such differ¬ 
ences appear to be independent of the differences in resistance to dam¬ 
age to ears claused by the same insect. 

There arc indications that resistance to earworm injury may be 
increased by mass selection within an open-pollinated variety. 
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PHOTOTHERMAL INDUCTION OF FLOWERING IN 
SUGAR BEETS ‘ 


By F. V. Owen, geneticist^ Eubanks Carsner, senior pathologist^ and Myron 

Stout, assistant physiologist^ Division of Sugar Plant Investigations^ Bureau of 

Plant Industry, United States Department of Agriculture ^ 

INTRODUCTION 

Induction of flowering in sugar beets {Beta vulgaris L.) has two 
important })ractical aspects. Development of seedstalks, called bolt¬ 
ing, is objectionable when the crop is grown for sugar production, but 
when the crop is grown for seed production initiation and complete 
d(welopment of s(‘(‘dstalks in all the plants is desirable. The first 
curly top-resistant varieties were easy-bolting types {4)? Their 
bolting tendency was sometimes objectionable in plantings for sugar, 
but it was bomdicial in plantings for seed. Therefore seed of these 
varieti('s could be produced abundantly in relatively mild climates by 
planting in earl}’’ fall and allowing the plants to grow in the field 
through the winter (21). Breeding to combine nonbolting with curly 
top resistance was started as soon as it became evident that there were 
objections to the (‘asy-bolting tendcuicy of the first curly top-resistant 
varieties. Nonbolting varieties with curly top resistance were 
promptly developed; but, when the effort was made to produce seed 
by the method of overwintering in the field in the relatively mUd 
climates where b(»(*t-s(H‘d growing had Ix^come established, these vari- 
(‘ties failed to reproduce satisfactorily {22), Nonbolting varieties 
brt‘d in northern Europe gave similar results. 

Thes(» experiences (‘inphasized the need for fuller knowledge of the 
principle's concerned in bolting and sexual reproduction. This paper 
prc'seiits results of studies of some of the ])hysiological and genetic 
aspects of the* proldem, 

REVIEW OF LITERATURE AND DEFINITION OF TERMS USED 

In much that has been written about causes of flowering, the com¬ 
bined effect of temperalure and day length, or photoperiod, which is 
required by some plants, has not been considered. This is especially 
true in much of the lit (‘rat lire on phot operiodism that has appeared 
since the classic discovery of Garner and Allard (i9). The specific 
effect of temp(‘rature has been given prominent attention, however, 
in extensive Russian work that began with the tri^.atment of seed to 
induce flowering. The ac’.tion of temperature has been referred to (12) 
as thermal induction and the influence of day length as photoperiodic 
induction. Chroboczck (5) and Steinberg and Garner ( 24 ) showed 
that both low'-tempcrature treatment and long photoperiods are 

1 UoceiveJ for publication Noxcnibor 10,1939 

* The Curly Top RcvSihlanco BroedinK Comrnittco cooperated in the work in northern Utah and southern 
Idaho and in the bolting test at Riverside, Calif This committee represents all the beet-sugar companies 
m the Western States. Land was furnished for the bolting test at Riverside by the California Agricultural 
Experiment Station, 

3 Italic numbers in parentheses refer to Literature Cited, p, 123. 
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favorable to flowering in beets. Roberts and Struckmeycr {2S) 
reported important associations between temperature and photo¬ 
period in relation to flowering in a number of species, including beets. 
The effect of temperature and photoperiod on beets will bo considered 
further in this paper. 

Induction of flowering under the influence of prolonged low tem¬ 
perature and long photoperiods may bc'. tentatively regarded as a 
single process and may therefore be designated by a single term. 
The term ^S^ernalization” has sometimes been used for this purpose, 
including induction of flowering as it occurs in nature and under 
artificial conditions, but this term has been applied mostly to thermal 
induction {16) and gen (rally to hastening of flowering by prolonged 
low-temperature treatnnmt of germinating s(»ed. Furthermore, 
vernalization^^ has also been used (7, 25^ 27) to include beet-seed 
treatments involving germination at higher ttunperatiin^s, even 
though such tnaitments do not indu(*(‘ flowering. The term ‘S"er- 
nalization’^ will b(^ used in this paper to mean prolonged low-temper¬ 
ature treatment of seed during germination to hasten flowering. For 
the broader meaning, ineduding thermal induction and photoperiodic 
induction, the new term ^^phototlurmal inductiorr’^ will be used. 
Photothermal induction occurs in be(‘ts (.5, 2^)^ celery {26)^ some wheats 
{17), and many other species. 

l^hotothermal induction of flewering in beets is influemced by 
genetic factors. Munerati {20) inve^stigated an annual beet and 
showed that a single genetic factor was associated with a clear-cut 
annual habit. Weu'king with this annual strain o))tain(»(l from 
Munerati, Abegg (/) demonstrated linkage bedwcnui the bolting factor 
R and the factor R for red hypocotyl color described by Kcdler {13). 
These findings were hedpful in the* pivsent study. 

^‘Bolting” as used in this pa[>er is the appemranee of the seeelslalk or 
the appearance and development of the s(‘(*(istalk wliether or not 
flowering is involved. 

SCOPE OF STUDIES AND EXPERIMENTAL METHODS 

Extensive fiedd o])servations have been made on commercial and 
experimental sugar-beet-seeHl fiedds in the redatively mild climate's of 
southern Utah, southern California, southern New Mexico, and 
southern Arizona, and also in the colder climates of northern l^tah 
and southern Idaho, where theu-e is usually some winter snow cover. 
These observations were started in 1980. More rece'ntly, similar 
observations have been made in Oregon and northern (California. 
All the^.se studies were on plantings made in lat(' summer or early fall 
and W(re ('conducted by the' method of ov(*rwintering the plants in 
the field {21). 

Fiedd observations regarding the factors involve'-d in induction of 
flowering have also been made on commercial fields of beets grown 
for sugar production in (California and other Weistern Statens. 

Intensive bolting studies were conducte'.d in field plots at Riverside, 
Calif., in the years 1935-86, 1936-37, and 1937-38. Shading tixpe'ri- 
ments to modify the natural environment were included in these 
studies. 

Greenhouse studies were made with variations in both temperature 
and photoperiod. An idea of the temperatures used is given by 

suggested to the writers by Dr. E. J. Kraus, chairman, Department of Botany, University 

of Chicago. 
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showing moans obtained by averaging the daily minimum and maxi¬ 
mum temperatures. (See table 6.) In interpreting these averages 
it should be borne in mind that daily maximum temperatures were 
frequently reached as peaks caused by brief periods of sunshine before 
ventilators could be opened. Minimum temperatures were reached 
much more gradually. In general, comparisons were made between 
ratlK'.r widely separated temperature levels wdiere precise control was 
not essential. 

Photoperiods were controlled by using artificial light to supplement 
the natural day length. Mazda globes with 150- to 500-watt capacity 
were placed over the plants at distances to give intensities of 10 to 
100 foot-candles. The photoperiod most commonly used was between 
17 and 18 hours. An 8-hour day and a 24-hour day were also used 
in a few experiments. 

Storage experiments vrere conducted in darkness with plants of 
intermediate size, usually with a root diameter of 1 to 3 inclu's. 
Usually the storage temperature was maintained between 33° and 
30° F., with a few tests at approximately 40°. 

Seed was given vernalization treatment in cold storage. In most 
cases the seed lots were first disinfected with a 10-pcrcent solution of 
commercial formalin for 10 minutes, then crashed and soaked over¬ 
night and incubat(‘d at room temperature under high humidity until 
the radicles began to emerge. Then in moist condition the seed was 
stored in closed cjontainers at 33° to 36° F. The germinating seed 
was allowed to remain at this tempt^raUire for various lengths of time, 
but, in most experiments this treatment was continued about 100 days. 
The sprouted seed was then planted in the field or in the greenhouse. 

Material of known genetic constitution with regard to bolting 
tendency was utilized in some tests. An annual hoot obtained from 
AIiin(‘rati and previously investigated (7, 20) was used extensively. 
A fe>v obs('rvations were also made with the annual from Milpitas, 
Calif. {S), and also the more extreme annual type from the Imperial 
Valley of C'alifornia (8). Greenhouse observations were made with 
s(‘veral wild species.^ Vegetative clones were used for the most 
critical work, and these w(»re propagated and studied over a period of 
years. 

PHOTOTHERMAL INDUCTION IN ANNUAL AND BIENNIAL BEETS 

All variiqies of Beta vulgaris investigated are long-day plants. The 
chief dilference between biennial and annual beets in regard to photo- 
thermal induction is the longer period of low-temperature exposure 
required for flowering in biennials. There is also much variability 
among biennial types with regard to this requirement, and commercial 
varieties are made up of a mixture of such types. In biennial beets, 
photothermal induction is frequently reversed by increasing the tem¬ 
peratures (fig. 1) or by decreasing the length of the photoperiods. 
This reversal causes the plants to turn vegetative after they have 
started to develop in the direction of flowering. In annual beets, also, 
photothermal induction is reversible, but with annuals the influence 
of photoperiod is stronger than the influence of temperature. 

To induce bolting in biennials when grown in the greenhouse with 
17- to 18-hour photoperiods it was necessary to hold the average 

»These wild species were obtained from Dr Q. H. Coons, principal pathologist, Division of Sugar Plant 
Investigations, Bureau of Plant Industry. 
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tomperalure under about 58° F., altliougli temperatures somewhat 
higher were effective with continuous light (a 24-hour day), as pre¬ 
viously reported by St(unberg and Garner {2Jf). All varieties, includ¬ 
ing annuals, remained vegetative in an 8-hour day under relatively 
warm temperatures. 

Other Beta species are also long-day plants. Beta maritima L., B, 
airiplic!folia Rouy, the wild or esca])ed Ix'ets of Milpitas, Calif., and 
the wild b('et from the Imperial Valley of California. are all more 
or l(»ss annual types, but they all remained vegetative in the gieen- 



Kigi'KE 1.—Photothcrnial iFiduction reversed by cliaiiges in tciiip(‘ratnie. Plants 
of clone 90 and hence of identical genetic constitution. Seedstalks about 1 
inch in height were initiated in lioth jilants under a cool tenijierature and 17- 
to 18-hour photoperiod: A, Taken to a warm t(‘inperature aft(*r the initiation 
of s(»edstalk, but length of day not chang(‘d; B, received same treatment as .1 
but was returned to the cool temperature after it became somewliat vegetative 
in the warm temperature. 


hous(* under 8-hour days and relatively warm temperatures. The 
wild species B. procurnbens Chr. Sm., B, patellaris Soland, and B, 
webbiana Moq. developed decumbent branches under both short ami 
long photoperiods, but they failed to produce flowers under the 8-hour 
da^. 

The Munerati annual has been investigated (i, W) more carefully 
than any other annual * ' . i i • . . . . 

uniform. It is very : 

Utah, in a warm gr( 

stalk under natural day length until nearly June 1. It is easily held 
veg(Tative in an 8-hoiir day at any time of the year under a relatively 
warm bdiiperature. Plants of this variety, even after 80 days' 
storage at 38° to 80° F., remained comjdctely vegetative under 8-hour 
days. 
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For 3 years it has been noted that in October plantings at Riverside, 
Calif., the Munerati annual remains vegetative all winter and the 
roots sometimes reach 3 or 4 inches in diameter. Under these con¬ 
ditions its bolting tendency cannot be easily distinguished from that 
of some commercial sugar-beet varieties. In fact, a portion of the 
plants in the U. S. 12 variety initiated sec^dstalks somewhat faster 
during the month of March at Riverside than the Munerati annual. 

The inlluence of temperature on the flowering of annual beets is less 
obvious than that of photoperiod but under certain conditions can be 
clearly demonstrated. This opinion is based upon detailed studies 
with the Munerati annual. Two plants of clone 62, a selection from 
the Munerati annual, initiated secdstalks in 22 days in a warm room 
with a 17- to 18-hour photoperiod (average maximum temperature 
78.0® and average minimum 54.6® F.). Under the same conditions 
two oth(T plants from the same clone, previously held at approxi- 
mat(4y 40® for 39 days, started secdstalks in 15 days, or 7 days 
sooner than those without the low-tem]>erature treatment. In 
another experiment with the Munerati annual two groups of plants 
were compared that had been grown from seed for 69 da^^s at different 
temperatures. One group had beem grown at a relatively cool tem- 
peraturci (average inaxinium 74.4® and average minimum 43.5®) and 
tln^ s(^cond group had been grown at a relatively warm temperature 
(average maximum 80.2® and average minimum 52.9®). On Decem¬ 
ber 2, 1937, after the G9-day treatments at these contrasting temper¬ 
atures, both groups of plants were iflaced in the same greenhouse 
c(»nipartni(‘nt under a 17- to 18-liour photoperiod and relatively cool 
t(‘mperature (average ma.ximum 60.0® and average minimum 43.4®). 
The plants from the cool temperature, although much smaller than 
tliose from the' w’arm temperature, all bolted in 79 davs, whereas th(‘ 
plants from tlu' warm room r(‘(|uired 92 days for all individuals to 
holt. Both ex])eriments show that while seedstalk development in 
this annual is influenced chiefly by photoperiod, nevertheless low 
t(unperature also exerts an influence in the same direction. 

A dominant factor B is responsible for the annual habit in the 
Munerati annual (7), l)ut tlie F, hybrids with biennial types, hetero¬ 
zygous for B and })ossibly otJier complementary genes, are slower to 
bolt tlian the annual pannit. Some of the annual segregates (having 
tlie B factor) from backcrosses to bieimials are very slow^ to bolt and 
may easily be confused with biennials under many combinations 
of temperature and photoperiod. One annual segregate (5357-1), 
from a backcross to a biennial from a hybrid with the iVlunerati 
annual, w as propagated yegetativcly for 4 years and studied in some 
detail. Jt bolted in midsummer temperatures at Salt Lake City, 
Utah, under the nalurally long days occurring at that time. In this 
w^ay it. could be distinguished from biennials, but under relatively 
(*ool or intermediate temperatures (40® to 65® F.) several varieties 
tliat are considered biennial bolted just as readily. It is evulent, 
th(m, that the presence of the B factor is most easily distinguishecl 
by maintaining relatively high temperatures and a long photoperiod. 

Some of the wild annuals from Milpitas, Calif., differ from the 
Munerati annual in that they will bolt in shorter photoperiods. Tlie 
population of plants from Milpitas is a mixture of genetic types 
varying in bolting tendency, but most of the plants arc annuals. In 
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spring plantings at Salt I^ako City, Utali, they wore quite similar to 
the Munerati annual, but in an October planting at Riverside, Calif., 
some of tlie Milpitas jilants bolted much faster than the Munerati 
annual. 

On Mardi 12, 1938, at Riverside, Calif., an interesting (‘omparison 
was available between the Alunei’ati and Milpitas annuals. Tlie 
planting was made October b, 1937. In the Munerati annual, seed- 
stalks were just starting to develop on Alarch 12, 1938, and were not 
over 2 inches in heigiit, whereas the seedstalks of some of tlie Milpitas 
plants were over 3 feet in height on the same date and had well- 
developed flower buds. It. is clear that the short jdiotoperiod during 
the winter at Riverside was responsible for the delayed bolting in the 
Munerati annual, and the comparison hidicates that some of tlie 
Milpitas annual plants do not require as long a photoperiod for bolting 
as does the Munerati annual. Other experiments have shown tliat 
the Imperial Valley annual will flower in still shortc'r photoperiods 
than the Milpitas annual. At Salt Lake C'itv, Utah, September 9, 
1938, seeds of the Munerati annual and Milpitas and Impiuial Valley 
annuals were ])lanted in flats in a warm greenhouse under the natural 
photoperiod. By Novembcu* 11 all of the Im])erial Valley annual 
plants had bolted whereas none of the others showed any bolting. 

The facts presented show that while bolthig in annual beets is 
induced mainly by long i)lioto})enods, tlie process is also influenced 
by low temperature. The evidence also shows distinct difhuTnces in 
bolting tendency between different types of beets. Some an^ influ¬ 
enced more strongly by i)hoto])crio(} and others ixiore strongly by 
low-temperature ex])osure. 

EFFECT OF PROLONGED LOW-TEMPERATURE EXPOSURE 

The induction of ll()W(U*iug in beets hy jirolonged low-temperatur(‘ 
exposure has b('.en observed in exptuimental field plantings at River- 
si(le, Calif., made in Septcuulxu', October, and Novemlier. Here the 
climate is such tliat the ])lants grow all winter, aiid t(impcratures 
during December, January, and February are in tin* main favorable 
for induction of flowering. The phot-operiod during these months is, 
of course, short. All the varieties of beets, including some annuals, 
wdieu grown from seed planted in the fall, nxnained vegetativi^. in 
these tests until about March 15 or later, and some of the more vege¬ 
tative varieties never developed more than a tra(‘-e of bolters. The 
behavior was different when plants prevituisl}^ stored for a long period 
at low temperatures were iflanted. Jflants selected June. 2, 1937, for 
nonbolting, from a strain planted as seed on October 13, 1936, were 
stored at 30° to 38° F. from June 2 to November 4, 1937, ami then 
transplanted in the field. On January 20, 1938, 7 out of 31 of these 
beets, or 23 percent, had started to bolt and in one case a stalk was 
17 inches high. Later in the spring all the plants flowered normally. 
The same variety planted as seed in the field October 0, 1937, did not 
bolt until April 1938. Less than half of the plants in this lot bolted, 
and none flowered completely. Obviously, induction of flowering 
was strongly influenced in the plants given prolonged low-temperature 
exposure. 

Evidence of a similar nature was observed wdth the nonbolting 
variety U. S. 15. The seed was planted in a 5-acro field near River- 
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side, October 15, 1935, and a part of the field was maintained 2 years. 
There was less than 1 percent bolting in the spring of 1936, and in 
1937 also most of the plants remained vegetative or bolted too late 
to produce seed. Roots taken from this field were stored at 36° to 
38° F. from June 16 to November 1, 1936, and then planted in an 
experimental plot at Riverside. 

On the same date, November 1, stecklings were transplanted directly 
from the 5-acre field to the experimental plot. By February 5, 1937, 
seedstalks had started on two of the plants that had been stored at 
low temperatures. By March 2, several more showed short seedstalks, 
and on May 11 all 44 of the plants ha<l bolted, and with fair uniformity 
in that all but one had buds formed or open flowers. Out of 49 plants 
transplanted in November directly from the field, only 28 produced 
seedstalks, and these were extremely irregular in development. Here 



Figure 2. —Short seedstalks produced in an unfavorable environment after a long 
period of low temperature storage. 

again, prolonged low-temperature exposure resulted in earlier and 
more complete flowering. 

Greenhouse studies showed that after prolonged low-tem|)erature 
treatment stecklings or mother beets may be so strongly inclined 
toward flowering that they will develop seedstalks a few inches in 
length in an environment unfavorable to photo thermal mduction. 
Beet 138, selected in 1932 and maiintained as a clone since that time, 
was studied in detail in relation to the length of low-temperature treat¬ 
ment required for initiation of the seedstalk. No. 138 is a nonbolting 
type and remains vegetative under many conditions where most beets 
develop seedstalks. A 3-inonth treatment at 33° to 36° F. did not 
induce bolting in beet 138 except when followed by a favorable bolting 
environment, a long photoperiod, and cool temperature. In an ex¬ 
periment started June 6, 1935, a supply of thrifty plants grown from 
cuttings of No. 138 was taken to cold storage and hold at 33° to 36°. 
On November 25, after a treatment for 172 days, these cuttmgs were 
removed from cold storage and planted in the greenliouse in two 
environments. One environment was favorable to bolting, with a 
relatively cool temperature (40° to 65°) and a photoperiod of 17 to 18 
hours, while the other was unfavorable, with a relatively warm tern- 
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perature (00° to 75°) and with only the natural light of the short 
winter days. 

By January 15, 51 days after planiiiig, seedstalks had appeared on 
all the plants in both environments. In tlie favorable environment 
the plants continued normal reproductive development, whereas in the 
warm room the seedstalks turned vegetative after making a short 
grow th and before developing any visible signs of flowers. The tw^o 
most vigorous plants of the seven in the warm room develo])ed seed¬ 
stalks 7 to 9 inches in height. A comparable experiment wdth another 
variety gave similar results, and the short vegetative seedstalks pro¬ 
duced in the unfavorable environment are shown in figure 2. It is 
evident that the i)rolonged low^-temperature treatment not only pre¬ 
pared the plants for bolting but actually induced a reserve of some 
sort, so that the rej)roductive tendency (*-ontinued for a time in si)ite 
of an unfavorable environment. 

In other experiments prolonged low^-temperature treatment was 
followed by a controlled 8-liour day under warm temperature, making 
the environment still more unfavorable for bolthig. Out of 20 steck- 
lings of U. S. 33 (3407) {^22) stored 240 days at 33° to 30° F., 3 plants 
developed 2-inch seedstalks, 

EFFECT OF SHADE UNDER FIELD CONDITIONS 

Early in the work of breeding sugar beets for (‘urlv top resistaiu e, 
difficulty was encountered in producing seed at Riverside, (^dif. 
Field observations in this mild climate from 1919 to 1928 revealed tliat 
better llow^ering resulted iti the colder seasons and tliat in the w armeu’ 
seasons, wdien dormancy in peaches and w^alnuts w^as seriously^ ])i'o- 
longed, flowering in sugar beets w'as misatisfactojy. 

Two simple experiments in regard to the (‘Ifect of temperature on 
flowering in sugar beets were conducted at Riverside in the wdnter of 
1928-29. In one case a portion of two short row^s plant(^d late in the 
fall was sliaded through the wdnter montlis by means of unbleacIuHl 
muslin. Tlie cloth was on a frame tliat rested on the ground on the 
south side of the rows and leaned to the north, so that, no direct sun¬ 
light could reach the beets or the soil in the protected ])art of tlu' 
plot. Soil temperatures at a depth of approximately^ one-half inch 
in the shaded and in the unshaileil soil were recorded by means of 
thermographs. The records were not taken during the entire period, 
but the difference between the temperatun^s in the two environments 
from January 8 to March 1, a jieriod of 1,248 hours, is indicative of the 
contrast in conditions to whicli tlie shaded plants and those in full 
sunlight were exposed. During the period mentioned ttio soil tem¬ 
perature in tlie shade w^as continuously below" 00° F. During this 
same period the tem])erature of the unshaded soil w"as above 60° for 
a total of 289 hours, or 23 percent of the total time. Bolting counts 
on June 4, 1929, revealed that in the unshaded plants 02 of the 347, 
or 18 percent, had bolted, while in the shaded plants 50 of the 130, or 
38 percent, had bolted. 

Another test in the same wdnter involved growing one lot of potted 
plants in full sunlight a-nd another lot on tlie north side of a nursery 
lath liouse, where tlie plants were protected from direct sunliglit 
throughout the winter months. Owing to the elevation of the site and 
consequent air drainage, the temperatures were relatively warm 
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Some of the pots in each case were submerged in the soil and others 
were left on top of the ground. There was only a trace of seedstalk 
development in the plants exposed to sunlight, while nearly all the 
shaded plants developed vigorous seedstalks. Soil temperature 
records were not taken. The temperature differences probably cor¬ 
responded to those in the previous experiment. 

The results of these two tests indicate that in mild climates, such 
as that of llivorsidc, Calif., induction of flowering was increased when 
the beets were kept cooler during tlie winter by means of shade. 

As a result of renewed interest in the factors involved in induction 
of flowering in beets, a fi(dd experiment with artificial shade was 
started at Riverside, (^alif., in the fall of 1936, to get further evidence 



Figure 3 .- —Shade in rt^Iation to soil temperature and bolting. Horizontal shad¬ 
ing frames in foreground; vertical shading frames in background, (Photo 
graphed November 20, 1937.) 


oil tlie influence of temperature. The beets were planted September 
18 on single-row beds running east and west. Portions of these rows 
were then shaded by frames made of shingles coated on both sides 
with aluminum paint. The frames were placed in scries, so that they 
would shade the beet rows to the north and reflect light on the rows 
to the south. This vertical type of frame, together with a flat or 
horizontal type used in a later experiment, is shown in figure 3. There 
were throe different treatments with the vertical frames, as follows: 
(1) Portions of rows were shaded only during the warmer part of the 
fall, September 18 to November , 12 , ]93(>; (2) other jiortions of 
rows were shaded only during the colder part of the season, 
November 12, ]93(i, to April 1, 1937; and (3) other portions of rows 
were shaded from September 18, 1936, to April 1, 1937. Five vari¬ 
eties, all rather low in bolting tendency, were used. There were dupli¬ 
cate plots for each shading treatment. vSoil temperatures close to the 
north side of the beets and at a depth of about one-half inch were 
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taken in the shaded and unshaded plots by means of soil thermographs. 
Temperatures of the beet crowns at about one-half inch below the 
soil surface were determined by means of chemical thermometers 
inserted snugly into holes made with a cork borer in the sides of the 
roots. The temperatures of the roots were almost the same as the 
soil temperature. 

Bolting counts on May 10, 1937, gave the following averages: Un¬ 
shaded, 06 percent; shaded (1) September 18 to November 12, 63 
percent, (2) November 12 to April 1, 89 percent, and (3) September 
18 to April 1, 79 percent. Temperature records are given in table 1. 
wShading during the warmer part of the fall did not increase bolting 
and may have been detrimental in some way. Shading during the 
colder weather increased bolting. 


Table li . — Tem'peratures of shaded and vnshaded soil at one - half-inch depth and ]> er - 
centage of bolters in vaiieties 550 and 617 ivith and iHihoni ariifieial shade 


Treatment 

Temperature 

Plants 
bolting * 

Daily 
average > 

Mean daily deviation 

1 

Above aver¬ 
age 

Below aver¬ 
age 

Nov, 23, lfl3fi, to Mar 21, 1937 


Day degrees * 

Day degrees * 

Percent 

No shade . _ . . 

49 Ifi 

5 13 

5 22 

88 

Vertical shade _ _ 

43 f)9 

3 41 

3 GO 

too 

Nov 22, 1937, to Mar 20. 1938* 





No shade .... . _ 

51 34 

3 09 

3,02 

47 

Vertical shade 

.W 51 

2 40 

2 G1 

79 

Horizontal shade. . 

52 17 

1 90 

2 01 

81 


»Average temperature determined by planiraeter measurements of thermograph charts. 

* Averages of the two variet'es. 

3 ‘'l')ay degree” is defined as a measure of accumulated temperature and represents an average of 1 degree 
of deviation from the base temperature during a period of 24 hours. Day degrees were measured as areas 
above and below the base temperature on thermograph charts by means of a planimeter. 

Another shading experiment in the field was started at Riverside in 
the fall of 1937. Vertical frames, of the type used in the previous 
experiment, and horizontal frames were used. The latter were made 
of heavy kraft paper coated on both sides with aluminum j)aint and 
supported on frames of wood and wire. These frames were 18 inches 
wide and 12 feet long. The beet rows were 20 inches apart, so that 
when the frames were laid between the rows nearly all the soil between 
the rows was shaded (fig. 3). The beets were planted October 0, 
and the shading was started November 19. Two of the varieties in¬ 
cluded in the previous year's test, 550 and 017 (U. S. 14), were 
used in the experiment. These two varieties have practically the 
same bolting tendency. The shading was discontinued March 21. 
The results in percentage of bolters and the soil-temperature records 
are summarized in table 1. The bolting percentages are averages for 
the two varieties used. 

The percentage of bolting was higher in the shaded than in the 
unshaded plots each season (table 1), and higher in the colder season 
of 1936-37 than in 1937-38 (table 1). 

The fact that in the second season more bolting occurred in the 
plots with horizontal shades than in the unshaded plots was probably 
due to the temperature having been lower in the fall and early winter 
in the shaded plots (fig. 4). The mean temperature for the 7 weeks 
November 22, 1937, to January 10, 1938, was 1.08° F. higher in the 
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unshaded plots than in the plots with horizontal shades. Theaccumu- 
lated deviation above 51.19° (the mean for the plots with horizontal 
shades) was 149.49 dny degrees greater in the unshaded plots; the 
accuuiulated (hndation below 51.19° was practically the same for the 
shaded and unshadc'd plots. It is thus evident that during the late 
fall and early winter the be(‘ls under the horizontal shades were in a 
colder soil environment than were the unshaded beets. Later, as the 
leaves grew larger and shaded the soil more effectively, the mean soil 
temperature in tlu' unshaded ])lots dropped a little lower than in the 
])lots with horizontal shades. However, the soil temperatures in both 
plots w(Te favorabhi to thermal induction during most of the latter part 
of the winter. The fa(;t that the horizontal shades k(*pt the soil temper¬ 
atures relatively low in late fall and e^arly winter apparently allowed 
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Figxjre 4. —Mean weekly teinperature of soil in beet row at jiS-inch depth for 
tlie period November 22 to March 21 for the two seasons 1936 -37 and 1937 38. 
/?, l3iagraniniatic curves of soil-temperature deviations at depth of one-half inch 
in beet rows with and without hoii/.ontal shades, (hirvcs constructed by using 
average daily deviation for each week above and below the mean for the same 
week. 

thermal induction to continue longer in the shaded beets, wuth the 
result that 81 [xu-cenl of them bolted, as compared with 47 percent in 
the unshad(‘d beets (fig. 5). 

Many field obs(‘rvations in California and southern Arizona have 
r('V(‘aled that with rows running east and west the north sides of 
two-row Ixals have mor(» bolters than the south sides. For example, 
in a field of the low-bolting variety R. & (J. Old Type, planted near 
Calexico, Calif., October 8, 1937, there was a striking difference between 
bolting on the north and south sides of the beds. On May 15, 1938, 
there were 37 percent bolters on the north side of the beds and 7 percent 
on the south side. Tin* temperature of the soil and consequently 
that of the beet crowns at the same level was often 4° to 5° F. cooler 
on the north sid(‘ of the beds. In the field at Calexico the leaf area 
on the south side of the beds was larger, which gave that side an 
advantage in regard to induction by light, if it is assumed that leaf 
ar(»a is a factor in this proc(*ss in beets. It seems probable, therefore, 
that the greater amount of the bolting on the north side of the beds 
resulted from induction by temperature. 








FiGimE 5.—Bolting in shading experiment at Riverside, Calif., with variety U. S 
14, planted October 6, 1937. Photographed June 7, 1938. A, Without arti¬ 
ficial shade; jR, soil between rows shaded with horizontal shades of aluminuin- 
])aiiitcd paper from November 22, 1937, to March 20, 1938. 

longed period. vSluidiug llu' soil siiiTonnding llio beets during the 
'v;nter keeps the beets enough colder to incrcutse bolting. 

VERNALIZATION OF SEED AND EFFECTS OF 
IRREGULAR GERMINATION 

Increased bolting in sugar beets as a result of subjecting germinating 
seed to low-temperature treatment has been previously described 
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(7, 12y 25y 27), Numerous tests by the writers showed increased 
bolting: in plants grown from seed that had been subjected to ver¬ 
nalization treatment, but in some instances no effect was observed. 
Results of the following experiments explain this apparent 
inconsistency. 

In May plantings at Salt Lake City, Utah, of seed subjected 
previously to vernalization treatment, little or no increase in bolting 
oecurnHl. A considerable increase in bolting was observed, however, 
when a com])arison of vernalizcnl and untreated s(»ed was made in an 
mv\y March planting (table 2). This difference is to be explained 
by the fact that there was additional thermal induction in the fiedd 
in th(‘. March plantings and this influence added to that accomplished 
by vernalizing the seed resulted in the effect noted. Seed that had 
becui subjected to vernalization treatment was planted at Riverside, 
C^ilif., in Octoix'r. There w^as no increase in bolting the following 
s})ring. Evi(l(‘nt]y tin* relatively warm weather in the fall resulted in 
enough rev(U*sal of the inductivt^ process to overcoiiK^ the efiect of the 
seed treatiiK'Ut. 


TmU/K 2. Incrc(ii>(‘(l hoUituj ftom vcrnalizvA nectl in a field planting made Mar. 10, 
103'/, at Salt Lake Cilijy I lak 


Vi'IUM.V 


r s - 

j)<>_ 

Do. - . 


St'Ofl tre itiiienl 


Xo (realiiiont . .. 

W iLsht'd, iiK'uhaltMl and dried, but not \ ernahzcd 
W ii'Nhed and mculmted ami then vornalireil at to 
¥. lor m d.i\s 

. do. 


1 1 

1 Vhiiits 

1 observed ' 

l__. _1 

riiinis 

boltintj 

1 umber 

Per cent 

• »5 

1 1 

1 9() 

,■) 

1 1/.2 1 

12 ! 

1?2 1 

22 ! 


Striking n'sults with sccmI vernalization wtiv obtained in the green¬ 
house under relatively cool tcunperalures and wuth a 17- to IS-hour 
photoptuiod wduni seed subjt'cted to vtTiialization tn'atment was 
})lant(Hl in com])arison with untreated st'ed. Two strains low in 
bolting tendency, 21 (iS and 4919, and the easy-bolting biennials U. 8. 
12 and :M01 were used. In addition to these varieties, nonvernalized 
seed of V. S. 1 and the Munerati annual were included in the test. 
The results an* given in detail in table 3. Eighty-two days after 
planting, untreated seed of U. S. 12 had given rise to 2.S percent bolters 
atui th(* vernalized seed had produced 14.3 p(*rcent. bolters. With 
3401, the untreat(*d seed had given rise to no bolters, while the ver¬ 
nalized seed had produced 36.1 p(*rcent bolters. At this time there 
were no bolters in 216S and 4919, even with the vi'rnalized seed. 
Vernalization increas(*(l the rate of bolting in the easy-bolting biennials, 
but (lid not sufliciently afh'ct the two varieties inherently low in 
bolting tendency to cause th(*m to bolt in the 82-day period. 

The relationship of sprouting to vernalization has been noted in 
several instances. In a s('ries of experiments in 1933 and 1934, wdiere 
dry seed w’as planted in moist soil in flats and held at approximab'ly 
40° to 45° F., the germination of most varieti(*s wnis noticeably 
irregular. Aftt'i* all sproiiUnl set*d in some of the flats was killed by 
drying and freezing, these flats were watered and placed under 
temperatures favorable for germination and grow th of the surviving 
seed. The seed that had not sprouted during the vernalization treat- 

3 
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meni was then found to be unaffected. Similar seed that sprouted 
during: the vernalization treatment was thermally induced to a con¬ 
siderable extent. 

Table 3.- Greenhouse test with vernalized seed * 


Plants bolting from*- 


Vanety or strain 


2168.. 

4919. 

U. S. 12 (4900). _ 

3401. .. 

TJ. S. 1 (9153).. 

Miinerati annual (2240). 


Nonvernal- 

Vernalized 

ized seed 

seed 

Percent 

Percent 

0 

0 

0 

0 

2.8 

14 3 

0 

36. 1 

7 5 


100 0 

1 



' Vernalized seed was incubated a short time at 70° F. and then held at 33° to 36° for 55 days previous to 
planting There were 8 replications of each variety and treatment. Each replication consisted of a single 
row 30 inches long with 20 to 30 plants to the row. Planted Sept 24, 1934, bolters counted Dec 15, 1934. 


In a field planting; at Salt Lake City made March 1(>, 1937, vernal¬ 
ized seed of U. S. 12 was compared with two kinds of nonvornalized 
seed (table 2). Lot 1 of the nonvernalizod seed was wholly untreated; 
lot 2 was washed, incubated at 70° F., and finally dried. This treat¬ 
ment of lot 2 hastened g:ermination in the field during: the relatively 
cold weather of early spring* and thereby resulted in more thermal 
induction, and consequently the bolting was increased. However, 
the vernalized seed gave more than twice as many bolters as did lot 2 
of the nonvernalized seed. 

In this same field planting, a vernalized lot of seed of the nonbolting 
variety U. S. 14 gave even more bolters than the vernalized seed lot 
of U. S. 12 (table 2). It is well known from experience that II. S. 12 
is much more likely to bolt in the field than U. S. 14 {S2), Before 
planting it w^as observed that the vernalized seed of U. S. 14 had 
germinated to a greater extent than the vernalized seed of U. wS. 12. 
This greater germination during the vernalization treatment probably 
accounts for the fact that plants grown from the vernalized seed of 
U. S. 14 bolted more than those grown from the vernalized seed of 
U. S. 12. 

In preparing the seed for vernalization treatment, it was first 
thoroughly soaked and washed and then held at about 70° F. until 
the majority of the seed balls showed radicles about 1 mm. in length. 
It was difficult, however, to obtain a uniform degree of germination, 
and this lack of uniformity in germination was still more noticeable 
after a 60-day treatment at 33° to 36°. Some radicles were over an 
inch in length, while other seeds showed no evidence of germination. 

The results of an experiment to discover the extent to wliich sprout¬ 
ing influences thermal induction in seed are given in table 4. Seed 
previously moistened and then held at 33° to 36° F. for 55 days was 
sorted into three classes. Class 1 included seed balls with no visible 
radicles; class 2 those with such radicles as were evidently less than 
3 mm. in length; and class 3 those with all radicles developed and all 
over 3 mm. in length. Bolting counts 82 days after planting reveahul 
approximately twice as many bolters in classes 2 and 3 as in class 1. 
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The increased bolting from the seed with visible radicles is highly 
significant (table 4). 

Heritable differences complicate the problem of thermal induction 
in seed. Strain 2168, for example, was found to sprout more rapidly 
at low temperatures than stram 3401. It might be expected, there¬ 
fore, that when treated similarly strain 2168 would be more effectively 
vernalized. Contrary to such expectation, vernalization may not 
cause any bolting in strain 2168, but it may cause abundant bolting 
in strain 3401 (table 3). Such results are explained by inherent 
differences in bolting tendency. Strain 2168 is inherently a non¬ 
bolter, while strain 3401 is an easy-bolting strain. If one of two 
strains of the same bolting tendency germinated more readily than 
the other at low temperatures, it would be expected to respond more 
strongly to vernalization. 

Vernalization increased the rate and percentage of bolting provided 
that (1) the seed sprouted during the cold treatment and (2) the 
vemtdized seeds were planted in an environment favorable enough 
for induction of flowering to continue. Vernalization did not over¬ 
come inherent differences in bolting tendency. 

Table 4. —Effect of extent of sprouting on the vernalization of seed * 


strain 

Plants bolting from setid showing 
indicated extent of sprouting 

No radicles 
visible 

One or more 
radicles visible 
on each seed 
ball but less 
than 3 mm. 
in length 

All radicles 
visible and 
over 3 mm 
in length 

3401. .. . - .. 

3410 (parent of n. S 12) . .. — -- - 

1 Percent * 
25.9 
28.8 

Percent * 

52.2 
54 3 

1 Percent » 

60.9 

53.5 

1 


• Se<‘<l all vornalized in the sairn* container, hut seed balls separated and classified at the end of the treat¬ 
ment according to the extent of sproutinp. Seed planted in rows 30 inches long with about 20 plants per row 
Hows spaced 4 inches apart with 5 replications of each s€*ed classification for each \anety. Planted Sept. 
24,1034, and bolters counted Dec 15,1034. 

* Standard error of difTerence due to extent of sprouting when planted*V 9 percent. 

A NEW GENETIC FACTOR FOR BOLTING 

The ti(*tioTi of certain genes in relation to tlie physiological process 
responsible for flowering should be known for a better understanding 
of photothermal induction. The factor B' now to be described has 
an important role in the process in beets. It is responsible for an 
easy-bolting tendency but appears to differ from the factor B described 
by iMimerati (20) and Abegg (/), because plants carrying B' remained 
vegetative under field conditions, whereas plants carrying B were 
strictly annual. It will be seen that i?' and B are regarded as allelic 
factors and dominant to the factor h associated with a nonbolting 
tendency. Linkage discovered between B' and the color factor R 
US) made the genetic analysis possible. In order to study the factor 
B', it was necessary to give carefid attention to environmental con¬ 
ditions affecting i)lu)tothernial induction as well as to the genetic 
material to be investigated. 
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PARENTAX. MATERIAL 

The parental material consisted of three clones selected in 1932 
and subsequently studied in detail. Their bolting tendencies were 
therefore well known. Clone 70, rrB'h, provided the factor B' for 
bolting, wliile clone 79, BRhhy and clone 90, rrhh, were vegetative 
types. These clones were selected from rather closely bred lines that 
liad been characterized by a fair degree of uniformity. 

Clone 70 was selected from2769, a strain obtained from William W. 
Tracy, Jr. Tliis plant was a fast-bolting biennial. Experience with 
vegetative cuttings from it, and with seed from its parental strain 
and its selfed progeny, showed that it was not an annual under field 
conditions at Salt Lake City, but it was a fast bolter and was easily 
confused with annuals under relatively low temperatures in the green¬ 
house. Clone 70 also carried a genetic factor for self-fertility, which 
distinguished it from most sugar beets. 

Clone 79, RRbb, was a strongly vegetative or nonbolting type. Tt 
was first propagated vegetativcly because of interest in its male- 
sterile character, which is a convenience in hybridization work. The 
plant was apparently normal in every other respect, but the pollen 
grains were completely aborted. 

Clone 90, rrbb, came from Salt Lake City strain 21(>7, a curly top- 
resistant strain with a strongly vegetative or nonbolting tendency. 
An advantage of clone 90 for crossing is its strong self-sterility, for 
when it is used as a female parent one can be sur(» of obtaining hybrids 
without taking the trouble to emasculate. 

METHODS 

The male-sterile clone 79, RRbhy was pollinated from clone 70, 
rrB'b, and several Fi plants were grown. The Fi plants segregated 
for male sterility and self-fertility. F 2 progenu^s were produced from 
some of the self-fertile Fi plants. Backcross ])rogenies were also 
produced by hybridizing clone 90 (rrbb) wdth pollen from a few of these 
Fi plants selected at random from those producing normal pollen. 

Respective progenies were tested for bolting by subjecting some of 
the seed to a vernalization treatment and growing the plants in the 
greenhouse. The seed was vernalized for 101 days at to 3()^ F. 
At planting time most of the seed had sprouted and thc! radicles were 
approximately 0.5 to 2 cm. in length. wSome seed lots woro more 
uniform in sprouting than others, and some were affected by the 
development of mold. Seed of the backcross progeny (4015), 
which gave the most interesting results (table 5), how ever, was nearly 
free from mold, and the radicles were more uniform in length than in 
most of the other progenies. This proved to be a fortunate circum¬ 
stance, because the uniformity of the vernalized seed when planted is 
believed to have had an important bearing upon the clear-cut dif¬ 
ferentiation secured for the bolting types in this progeny (table 5). 

The plantings were made in greenhouse b('ds 30 inches wide with 
rows 4 inches apart. Progeny 4615 was planted in 15 of these row^s, 
and 250 plants, or about 17 plants per row, grew from uniformly 
spaced seed. Owing to limited space, plants of other progenies were 
more closely spaced, with about 34 plants per row. Nonvernalized 
seed of the respective progenies was planted at thc same time for com¬ 
parison. Artificial light was used to supplement the regular day 
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length to make approximately a 17-hour day. The temperature was 
controlled rather roughly, and a record was taken each day from a 
minimum and maximum thermometer. 

Table -Correlation between Ume of bolting and hypocotyl color from backcrosa 

progenies 4615 and 4^1^ 

SEED OF PROGENY 4615 VERNALIZED 


Bolti'fs Vepetative plants 

--- 

Rod White Red White 
hyiKieotyl hyjiocotyl hypocotyl hyixKJotyl 

Number Number Number Number Number 
29 104 9S 19 250 

29 108 98 15 250 

71 108 50 14 243 

SEED OF JUtOGKNY 4615 NOT VERNALIZED 


136 . 5 31 75 48 162 

217 - 39 65 41 17 162 

235 . - 57 74 1 9 8 158 


SEED OF PROGExNY 4612 VERNALIZED 


164 .. 

0 

2 

87 

88 

177 

. 


217 

... 1 17 

15 

70 

75 

177 

92 i 

52.0 

257 . . 

. ! 73 

! 85 

14 

1 

5 

I 

177 

78 

44.1 


' Slnndard ornas of cross-over values from Iiumcr's tables ill). Immer's probable errors divided by 
(M)745 piv»‘ iin' standard errors. 


The growing plants were carefully watched, and where possible the 
t('mperatur('s w ere increased or d(»creased to produce what was believed 
to be the optimum temperature to differentiate plants with bolting 
tendenci(‘S from strongly vegetative or nonbolting types. It w^ill be 
noted in table (i tliat temperatures increased slightly in October and 
again in January, dc'creased in March and April, and increased again 
ill May. The distinct decrease in l-cmperatures for March and April 
was the result of mani})ulation requirinl to bring out more bolting, 
after a fairly good separation between bolting and vegetative types 
had b(‘en made in the winter months. 


Table 6 .—Daily greenhouse temperatures^ 1934-35 


Month 


September 24 to 30 

October _ _ 

November_ 

December. 

J amiary_ 

February. 

March... 

April. 

May. 


Temperature 


Average 

maximum 

Average 

minimum 

Mean 

o 

O p 

° F. 

75.1 

40.7 

57.9 

81.3 

47.0 

64.1 

73 9 

47.0 

60.6 

71.8 

63.0 

62.4 

75.3 

55.5 

65.4 

71.0 

63.7 

62.3 

62.4 

42.0 

52.2 

72.1 

43.0 

57.5 

80.5 

46.1 

63.3 


53 

32, 7±3.69 

56 

34.6±3. 74 

65 

41.1 ±3.91 


Cross-overs 


Number Percent i 
48 19. 2=b2.49 

44 17.6ifc2.41 

85 35 0±3.06 
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Bolting records were taken at intervals as bolters appeared, and in 
most cases the boltcus were pulled when counted in order to allow 
more space, for tlj(‘ remaining jdants. 

EXPERIMENTAL RESULTS 

The extreme differences in bolting due to heredity are shown in figure 
6. The Munerati annual plants had all started seedstalks within 
50 days after planting, whereas the vegetative strain 21(37 showed 
only a small percentage of bolting 200 days after planting. The selfed 
progeny of clone 70 was between these two extremes but somewhat 
closer to the early-bolting side. This performance was in agreement 
with considerable additional evidence that clone 70 repres(‘nted a 
rather fast-bolting type. 

Although the plants in the selfed progeny of clone 70 wen^ fast 
bolters there was considerable variability, as shown in figun* (3. Some 



so 100 ISO 200 250 

DAYS ArrCR PLANTING 


Figure 6. —The gradation of beet types from strong annual to strongly vegetative 
biennial habit is shown in this graph suniniarizing results obtained with non- 
vernalized seeds. Clone 70 ® indicates selfed progeny of clone 70. Clone 
70 ® and strain 2167 represent parental types, and 4612 and 4615 are baekeross 
progenies from hybrids between clone 70 and clones from strain 2167 described 
in test. 

fdants in th(‘ progeny bolted much faster than others, but it is uncer¬ 
tain how much of this was due to heredity and how much to environ¬ 
mental differences between different plants. The question of whether 
or not clone 70 was homozygous for bolting tendency is made clearer 
by studying its hybrid progenies. Clone 70 is represented by back- 
cross progenies numbered 4612 and 4615 and F 2 progt^nies numbered 
4608 and 4609. The heterozygosity of clone 70 is b(4ieved to be shown 
in the performance of these baekeross and F 2 progenies. For the 
baekeross progenies, figure 7 and table 5 illustrate the fact that 4615 
segregated for fast-bolting types while 4612 was almost equal to the 
vegetative parental types. Likewise, the data in table 7 show that 
the F 2 4608 was fast in bolting while the F 2 4609 was much slower. 

It seems probable that clone 70 was of heterozygous constitution, 
B'by assuming B' to be responsible for the bolting tendency. When 
crossed to clone 79 (RRbb) the Fi plants would be expected to be 
RrB'b and Rrbb in equal proportion. Backcrossing the Fi plants at 
random to clone 90 {rrbb) would then yield some baekeross progenies 
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like 4(515, consisting of both B'b and hb plants that show sharp segre¬ 
gation for bolting and vegetative types, and other backcross progenies 
like 4()]2, all bb, which lean rather strongly to the vegetative side. 
Likewise in F 2 progenies, data presented in table 7 indicate that 
progeny 4008 was derived from a plant of constitution RrB'b and 
progeny 4609 from a plant of constitution Rrbb, 

LINKAGE BETWEEN B' AND R 

The correlation between bolting tendency and hypocotyl color is 
a point of much interest. Tins correlation is shown for the back- 
cross progeny 4615, clone 90, X (clone 79 X clone 70), RrB'b^ 

in figure 7 and table 5. Figure 7 shows, especially with the vernalized 
seed, than the plants with white hypocotyls (rrB'b) bolted much more 
rapidly that those vith red hypocotyls. Evidently because of their 
genetic constitution, the white hypocotyl plants were in large part so 
stronglv affected by the seed treatment that they bolted quickly 
after planting. Since the bolting tendency was associated with the 



FioxrRE 7.—Holtiag reaction of color types in backcross progeny 4615, 


recessive hypocotyl color in the clone 70 parent, it can be assumed 
that the respective genetic factors responsible for these characters 
were linked in their inheritance. 

A cross-over value of 15.5 percent between the factor R for hypocotyl 
color and the factor B for annual habit has been reported by Abegg 
(7). Ill table 5, jirogeny 4615 shows a cross-over value of 17.6 per¬ 
cent between R and B' at 105 days after planting, which is very 
close to Abegg’s value. Since the rate of bolting is perhaps not 
entirely clear-cut, even at 105 days after planting, it may be assumed 
that a more perfect separation between bolting and vegetative types 
would lead to a slightly lower figure than 17.6 percent crossing over. 
Calculations from figures obtained from a less desirable classification, 
made at 136 days after planting, give 35 percent crossing over, which 
is a poor estimate because of an excess of observed plants in the 
bolting class over the expected proportion. It is assumed from 
the similar association of B' with /?, and of B with /?, that B and B' 
may be allels wdth identical positions on the chromosome. There is, 
however, no critical proof that B of the Munerati annual and B' 
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of clone 70 are not the same ^ene with the apparent difference between 
them caused by additional modifying: factors. 

The F 2 progcenies were not expocte<l to yield data that would be 
as clear-cut as those from the backcross ])rog:cnies. This was j)articu- 
larly true because in the Fi cross, clone 79 Xclone 70 {rrB'b)^ 

the characters entered in the repulsion phase. However, table 7 
shows that a significant negative correlation was obtained between 
bolting and hypocotyl color in F 2 progeny 4008. Tlio value 
has been used to measure this correlation in table 7. This value is 
highly significant, but it does not give an accurate idea of the per¬ 
centage of recombinations. 


Table 7. —Correlation between time of bolting and hypocoigl color from F 2 progenies 

4608 and 4609 « 

PROQKNY 4608 


l^ays after plautiiiR 


40_ 

«r) . 

172 


39. 

lOS. 

192_ .. 

2ru .. 


Bolters Vegetative plants 


Bed hMx>- 
col yl 

Wliitc 

liypo(jot>l 

Red h>p<>- 

White 

h>i>()cofyl 

1 Ollll 

planth 

N mu her 

171 

23.'> 

A’wmbfr 

3fi 

7.1 

.Sj 

jKumlxr 

387 

2.S2 

l(i2 

A w mbi r 

89 

1 40 

2fi 

Xuiriher 

.')S9 

fifih 

f)08 


lUnxiKW 4009 


1 

! 0 

4 

282 

IN) ! 

382 

1 09 

25 

219 

09 1 

.182 

1 101 


127 ' 

41 ' 

382 

.7., 

90 

12 

4 

.382 


9 401 
28 ISO 
11.244 


0 2#»0 
.(H)7 


« All (lata are from veriinlizetl si'ed of pro^enie'^ 4fi0s and 4(;09. 

According to Fislicr\s tables (W), with 1 degree of freedom x* should exceed 0 0 : 1 .') for the bperamt point 
of significance 


DISCUSSION AND CONCLUSIONS 


Initiation of seedstalks and flowering of biennial beets is brouglit 
about mainly by the cunuilativo efl’eet of low-temperature exposun* 
followed or aceompanied by the effeet of long pbotoporiods. The 
effect of temperature ma,v be as pronouneed as the eircet of photo- 
period. With beets it is dillicidt in many cases to (listinguisb between 
these two principal environmental cffecls; hence “pbototliermal 
induction” is used in this paper to denote induction of flowering and 
includes both photoperiodic and thermal induction. 

Thennal indnetion and ])hotopcriodic induction probably result in 
the j)roduction of one or more flower-inducing substances, or hor¬ 
mones, as indicated by work with other plants by Cajlnchjan (2), 
MoSkov (10), Melchers (18), Lochwing (15), and by one of the writers 
TOth beets. Prolonged thermal induction in some cases influences 
the reproriuctive tendency so strongly that this tendency continues 
tor s(OTe time after the environment lias become distinctly unfavor¬ 
able for reproduction, it appears, therefore, that if iiuliiction of 
owering IS caused by some substance, enough of this substance 
accumulates whue temperatures are favorable to last for some time 
alter conditions become unfavorable. 


• Stout, M. Unpublished work. 
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In tljc reproductive process the role of low«teinperature exposure 
comes in mainly in the initial stages. In biennial beets somewhat 
higher temperatures are more favorable for growth of the seedstalks 
and flowering, as has been refiorted in the case of tulips {10) and 
spinach {1/i). However, continuation of relatively cool temperature 
is necessary for completion of flowering in beets. Steinberg and 
darner {2Ji) reported that in a biennial variety of beets seedstalks 
were initiated and some flowers produced at 73° F. with continuous 
light, but the photographs published by these writers show that the 
seedstalks were somewhat vegetative under this relatively warm 
temperature. Obviously, the induction was inadequate for complete 
reproductive development. The writers have observed that vegeta¬ 
tive seedstalks similar to those pictured by Steinberg and Garner 
commonly result from inadequate low-temperature exposure during 
seedstalk initiation or from excessively high temperatures during 
seedstalk development. 

The relative importance of thermal induction and photoperiodic 
induction varies with different types of beets according to their 
genetic constitution. A comparison of the biennial U. S. 12 and the 
Munerati annual in fall plantings at Riverside, Calif., illustrates this 
point. In early spring, when the days were relatively short, some 
individual plants of the biennial U. S. 12 showed seedstalks before 
any stalks a[)peared in the Munerati annual. Evidently the U. S. 
12 plants were so strongly influenced by thermal induction that they 
started to develop seedstalks during relatively short days that were 
unfavorable. The Munerati annual, on the other hand, needs little 
or no thermal induction, but it requires a relatively long photoperiod. 
Evidently the Munerati annual requires more photoperiodic induction 
for initiation of flowering than does U. S. 12 or else does not respond 
to low-temperature exposure so readily. 

The bolting factor B {1, 20) is responsible for much of the annual 
tendency in the Munerati annual. All plants with this factor that 
have been studied critically at Salt Lake City, Utah, have initiated 
seedstalks and flowered under long days during midsummer tem¬ 
peratures. A factor R' with an enect comparable to that of B is 
described in this paper. Plants with this factor, when grown under 
long days and at warm temijeratures, will flower as readily as the 
Munerati annual if they have had a short treatment with low tem¬ 
perature. 

The influence of the genetic factors i?, J?', and 6, which determine 
the tendency for bolting in beets, is comparable in importance to the 
influence of temperature and photoperiod. Furthermore, the dis¬ 
covery of these genetic factors affords a new approach to the study of 
indu(‘tion of flowering. It is now clear that this physiological process 
would be better uiufei'stood if more knowledge were available regard¬ 
ing the physiological action of the genes. In the case of Hyoscyamm 
niger L., Melchers {18) ^ives evidence for a gene for biennial tendency 
with physiological signincance somewhat similar to that of B or JB' in 
beets. Genes in soybeans that influence time of flowering also have 
been reported {28) ^ and this fact should be useful in studying the 
effect of photoperiod peculiar to this plant. 

Reversal or prevention of the induction of flowering is an important 
factor in vegetative development in beets. This reversal or prevention 
permits continuation of growth and the accumulation of food reserves. 
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These food reserve's are iieeessary for hoeis to survive' as hieiiuials, and 
it is Ix'eause' of the' abundant supply e)f stored food in the form of 
sucrose that su^ar tx'cts are of commercial importance as a source of 
sugar. Reversal of induction of flowering makes possible the perennial 
tendency in biennial beets that is evidenced in seed fields where man^ 
plants survive and resume vegetative development after the seed is 
harvested. In contrast to the behavior of biennial beets in this re¬ 
spect, th(^ Munerati annual, after seed has been harvested from it in 
July at Salt Lake Cit}^ either dies or produces more flow^ering branches. 
Evidently induction of flowering in this annual is stronger than the 
reverse pro(!css, even in midsummer, Th(' reverse process becomes 
evident in beet-seed fields of the Southw'estern States wdien, owing to 
the fact that the temperatures have been too warm for adequate^ in¬ 
duction, some plants with seedstalks several feet in height turn vege¬ 
tative. The same type of reaction is often evident with bolters in 
fields grown for sugar. It is on this account that the bolters classed 
as late an* much less objectionable than those described as early (6*). 
The flowering process in such plants is reversed, and nearly noi*mal 
vegetative development of the roots takes place. 

A knowledge of the principles of photothermal induction is us('ful 
to the plant breeder in bret'ding for a desired bolting tt'iuh'ncy. 
Irregular germination under temperatures conducive' to vernalization 
causes variability in degree of induction obtainc'd. This may consti- 
tule a stumbling" block to the breeder who selects for nonbolting with¬ 
out knowing that some of his nonbolting pla'iiotypes failed to bolt 
merely because they were delayed slightly during the early pe'iiod of 
germination. Nonbolting selections from early spring plantings may, 
on this account, be untrustworthy. Breeding for nonbolting is also 
handicapped by diflicultic'S in obtaining phototh('rmal induction ad<'- 
quate for propagation of the most extrenu' nonbolting s(*lections. TIk' 
strongest nonbolters are usually the poorest st'cd produc('rs and tend 
to be neglected or dropped in the breeding process. Optimum and 
uniform conditions for induction of flowering are therefore re([uired 
for the best results in d('V('loping nonbolting types. 

A knowledge of the factors that influence photothermal induction 
is also of practical importance in the seh'ction and maintenaru'c of 
l)eet-s('ed-growing areas, particularly where the method {iil) of over¬ 
wintering the plants in the field is to Ix' used. Success or failure' in 
producing seed of some particular varie'ty may depend on tlx' choice of 
a suitable area. In some of the areas now growing seed, wlx'iv te'inpe'r- 
atures are too high for the best thermal induction, it is important to 
develop promptly in the fall and hold an extensive growth of leaves to 
shade the soil and thereby reduce soil temperatun's. The relation of 
the leaf area to induction by light may also be important, but this 
phase of the problem has not yet been adequately investigated. 

SUMMARY 

‘‘Photothermal induction'^ of flowering is a new term used to signify 
induction of flowering by both light and temperature. In beets the 
effect of photoperiod was found to be intimately associated witli and 
dependent upon temperature exposure. The effect of low-tempcr- 
ature exposure favorable to subsequent flowering was demonstrated 
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with gorininating S(‘ 0 ( 1 , with hoets for a. tinu! in storage, and 
witli glowing plants. 

Some of the factors that infhieiiced ludling in th(‘ ficdd aided in- 
diriKdly by alti'ring tlie range or duration of effective tiunpi'raturc's. 
ilius, shade increased bolting by lowering the temperatun* of the soil 
and consequently the temperature of the beet crown under conditions 
where the unshaded soil was too warm. Irregularity in germination of 
seeds undiu* temperatures conducive to induction of (lowering resulted 
in variation in bolting because of the fact that seeds retarded in sprout¬ 
ing escaped some of the lovr-temperature influence. 

Clenetic variability in beids with regard to response to temperature 
and photoperiod was shown in both annuals and biennials. A factor 
for bolting was identified, which is designated B' and is regarded as 
alkdic to tlu' factor B discovered by Munerati (20) and further de¬ 
scribed by Abegg (/). Identification of the factor 7?' was accom¬ 
plished by hybridizing sel(‘ct(‘d parental material and testing the back- 
cross progeni(\s under controlled environmental conditions. 
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EFFECT OF BLUE STAIN ON SPECIFIC GRAVITY AND 
STRENGTH OF SOUTHERN PINE' 


By A. Dale Chafman, formerly ageniy and Theodore C. Scheffer, associate 

pathologist f Division of Forest Pathology^ Bureau of Plant Industry^ United 

States Department of Agriculture 2 

INTRODUCTION 

Blue stain, because of its widespread and common occurrence in 
the sap wood of logs and lumber, has been the subject of numerous 
investigations to determine its effect on the strength of wood. Among 
the earlier studies, between the years 1897 and 1911, were those by 
Iludeloft* (70),® Von Schrenk (f^), Munch (*9), and Weiss and Bamum 
{ 14 ), The entire group included tests of compression parallel to the 
grain, bending strength, toughness, and hardness. The results were 
variable' and on th<‘. whole rather inconclusive, probably owing in con¬ 
siderable measure to diffcTences in the original mechanical properties 
of the wood and in tin' moistiin* conDuit of the specimens at the time 
of testing. None of the r(*sults obtained in the sevcTal tests suggested 
that any practically significant weakening resulted from blue stain. 

During the present decade the effect of blue stain on the strength 
of wood has received further attention, in most cases with more 
precise i)rocedures to reduce tlie influence of factors other than the 
blue stain. Jn tests by Mayer-Wegelin and coworkers (<§), Vanin 
(/,?), Chapman (;?), Findlay and Pettifor (3, 4)? Jalava (7), due 
('onsideration was given to the moisture content of the wood and, 
with the exception of that by Mayer-Wegelin et al., all or a sub¬ 
stantial part of the work was done on matched ^ specimens in which 
stain had been produced by artificial inoculation and laboratory- 
controlled incubation. The results of these tests corroborated in 
general the findings of the earlier ones but disclosed definitely that 
blue stain may reduce tlie toughness of wood considerably. Except 
in one study by Findlay and Pettifor (4), on a tropical wood (obeche), 
c()ni])r('ssion and bending strengtli, hardness, and specific gravity 
hav(‘ been rej)orted as but sliglitly or not measurably affected. 

The tests reported in this paper were conducted by the senior 
author and analyzed by the junior author. They conclude a series, 
tlie first results of which were published in 1933 (^). The aim of the 
additional testing was to gather evidence on additional fungi. 

MATERIAL AND METHODS 

SELECTION AND CUTTING OUT OF SPECIMENS 

The test specimens were obtained from green logs of southern pine, 
taken at a height of 8 to 16 feet in the trees. The wood chosen w^as 

» Ilemvofl for pnhlioatiofi June 17, IMO Cooperative investigation by the Division of Forest Pathology, 
Hureau of Plant Industry, and tlic Forest Products Laboratory, Forest Service, U. S. Department of 
Aerlnilture 

* The writers express their appreciation to 0. A. Richartis and Carl Hartley, of the Division of Forest 
Pathology, and to T. R. C. Wilson, of the Forest Products Laboratory, for helpful advice and suggestions 
throughout the study. 

3 Italic numbers in parentheses refer to Literature Cited, p i:i2. 

* The siiecimens were matched individually tir by groups, by sawing them out of the same pieeij of wood 
in such a manner as would minimize the influence of the initial variation in physical properties. 
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straight-grained, clear throughout, and of medium density and 
uniform growth. The specimens were sawed to a size of % hj Yi by 10 
inches in such a manner as to present as nearly as possible true 
tangential and radial faces. Each specimen to be inoculated with a 
staining fungus was directly matched with a control specimen, either 
tangentially or longitudinally. The pattern of matching varied 
somewhat among the several tests, depending chiefly on the number 
of strength properties investigated at one time. However, there 
was no important deviation from the basic matching schemes, the 
essential features of which arc illustrated in previous papers by the 
authors (^, 11). 

HANDLING AND STAINING OF SPECIMENS 

All but certain specimens, which will be not(‘(l later, W(T(‘ maintained 
in the green condition, usually well above th(‘ fiber-saturation point, 
until the tests wcr(‘ concluded. Sonn^ of the tests W(‘re made on 
sticks that had been given no sterilization tn'atmcnt prior to inocula¬ 
tion but, in ord(U’ to insure pure cultures, most of the sticks were 
given a st(‘am-heat treatnuMit of 30 minutes at 100® C. and a few 
were heatcnl for 5 minutes at a steam pressun^ of 12 pounds. Both 
the sticks that wen* subs(‘(juently stain(‘d and tin* controls w(*r<* giv(*n 
the same heat treatment. In the absence* of heat treatment, as(*ptic 
preparatory procedures and extra heavy inoculation W(*re depi'nded 
upon to reduce* contamination. Visible* contaminations we*re com¬ 
paratively few and when the*y die! occur the afTected sticks were 
discarde*d. 

The sticks to be staine*el we*re* place*d in large‘-bore* test tubes and 
inoculated with heavy spore susp(*nsions e)f the res])e*ctive* fungi. 
The cultures thus pre*pare*ei we*re incubatcel at laboratory te*inpe*rature*s 
for 30 days, at the* enel of which time almost all the specinH‘ns were 
staineel throughout anel re*ady fe)r te'sting. The* uninfe*ct(*el controls 
were tested promptly after sawing, or, in the case* of te*sts invedving 
heat trcatme'iit of the wooel, the*y we*re place'd in pre*linunarv storage 
fe)r 30 days in sterile, close*el ce)ntaine*rs. A fuller el(*scripti()n of the 
hanelling and staining proce*elure*s appe*ars in the* first report (2). 


STAIN FUNGI USED 

The fungi used and the* .spe*cie*s of wood from which the*y we*re' 
isolate*el are* list(*(l in table* 1, CeratostomeUa pilifera (Fr.) Wint. and 
Graphium rigidum (Pt*rs.) Sacc. are among the* pre*de)minant spe*cie*s 
staining the sapwoeiel of pine* anel red gum lumber, re*spe*ctive*ly. 

Table —Test fungi and species of wood from which they were isolated 


Funpii', 


CnafoittOTneUa ptUfera 

(\ pUtfera 

C ptfifna 

(\ phi 

(\ pint 

f'.ipa. 

(\ ipa 

Graphium rnjidinn 


Tulturc 

No. 


Orifrirmi wood substrate 


3 

IHft 

m 

202 

212 

ir>7 

202 

m 


Shorllenf nine (Phnift echinala Mill). 
Lonirleaf pine (P palmlrh Mill,), 
Lohioll> pine (P. Ineda L ). 

Shortleaf pliM‘. 

INmdnrosa pine (P, poiohrom Dounl). 
Lonifleaf pine 
Shortleaf pine. 

Rwi gum {Lhpiidumhar Htyrauflua L.). 
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C. pini Miinch and C, ips Rumbold arc primarily associated with 
stain accompanying certain beetle infestations of pine trees, but 
C\ ips is also a common independent cause of stain in southern pine 
logs and lumber. 

TESTING PROCEDURE 

Tests were mad(^- of compr(*ssion parallel to the grain, touglmcss, 
and, in some cases, of static bending. In addition, the specific 
gravity of each specimen was determined from its dimensions, weight, 
and moistun^ cont(‘nt when tested, (conventional machines were 
employed for the compression and bending tests and a special impact 
machine of the pendulum type, developed at the Forest Products 
Laboratory, was used for tests of toughness. In the bending and 
toughness tests loads were applied at th(‘ center of an 8-inch span. 
The compression tests w ere made on pieces inches long taken from 
the ends of the sj)ecim(‘ns used in th(‘ toughness tests but well removed 
from the zone of fracture. 


ANAJ.VSIS OF DATA 

Th(5 (‘Ih'ct of staining on the several wh) 0(1 properties is appraised 
on the basis of lln‘ g(*om(*tric mean ratios of stain(‘d wood to control 
valu(‘s. By virtue of tin* matching of stained specimens and controls 
in pairs, it is assumed that any difr<‘rences between the members of a 
pair due to factors other than the blue stain wen* esstmtially equalized. 
A ratio is held to b(' significantly different from 1 if its logarithm is 
significantly different from O.® (A mean value of 1, of course, would 
indicate no difference between the stained wood and the controls.) 

PROPERTIES OF WOOD AS AFFECTED BY BLUE STAIN 

TOrCJHNKSS AND WORK TO MAXIMUM LOAD 

The results of the tests are summarized in table 2. Vallies indicating 
a rerluction in a i)articular property that individually are mathe¬ 
matically signiticant on the basis stipulated above are marked by 
asterisks. Considering first the group of tests as a wdiole, the results 
are in good agreement with previous reports of similarly controlled 
(experiments. Toughm^ss and work to maximum load are both 
n'garded as an imh’x of shock rt'sistance and wore the only properties 
analyz(‘d that were greatly afiectt‘d. The gnaiU'st significant reduc¬ 
tion in toughness amounU'd to about 75 piTccmt and the smallest to 
about 9 pi'rcent. Similarly, the greatc'st significant loduction in 
work to maximum load amounted to about 41 perciuit and the smallest 
to about 14 p('rc(mt. Had total work been includ(‘d it pn^sumably 
would have corresponded more closely to the toughness values, as 
W’as the case in earlier ti'sts {£). 

* Rocausc then' is ni» thcorotioal or known ri'as<»n why any ofTeet of blue stain fungi on the wood properties 
studie<l should be other than in the dfn*etion of a n'duetiuii, and any differenet'S <lue to staining, therefore, 
can be regarded as fl\e<l with n*sjK'ct to sign, a 10-nercent level of probabilitv is taken as the basis fur apprais¬ 
ing signincanet' rather than its (Hiiiivalent a pronabihty o( 6 perwnt without regard to the direc'tion of the 
difforence. The authority referred tt> for this pna^ediire is Ouulden (6). 
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Table 2. —Specific gravity and strength of hlue-stained pine sapwood 
TEST SPECIMENS NOT GIVEN STERILIZATION TREATMENT 







Average relative value for stained wood * 






(value for matched controls* 100) 





Number 
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(0 grain 
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iiiens j 

Specific 
grav¬ 
ity 2 

Modu¬ 
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rup- 
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tur(‘ 

load 


.5 

i 

Cernfosloviella pili- 

185 

Ptnuft pains- 

12 

98 8 

104 4 

100 0 

*71 0 

•.5.5.1 


fera. 


tris. 







6 

.... do .. -__ 

18.5 

....do_ . 

18 

•07 9 

•93 8 

*96 7 

*74 9 

•.59. 2 

2 

Graph min rigtdum. 

198 

P laeda . 

16 to 18 

98 5 

97 0 



94 4 

3 

—do.... 

19S 

P. echinata _ 

14 to 16 

98.4 

*89 8 

99.0 

94 2 

•75 2 

4 

_do.. 

198 

1\ taeda _ 

21 to 25 

100.8 i 

i 

100.0 

•95.6. 

*75 7 

•76 0 


TEST SPECIMENS .STEAMED 30 MINUTES AT 100‘' C. 



1 


1.57 

i*. taeda _ 

19 

100 n j 

1 102 4 

j 

1 . i 

*90 6 

1 

--- do_ 

202 

_ do , _ 

20 

99 6 

1 102 2 



*52 9 

] 

C pilifera. 

3 

_do... 

18 

98 9 

1 10.5 2 

i 


*63 i 

1 

_do. 

180 

_do _ 

20 

99 3 

no .3 

1 -- I 


*.58 8 

1 

.. do _ 

185 

. . do 

21 

98 9 

101 1 

1 


*29 4 

.*) 

_ do__ 

185 

]\ paiuHris . 

12 

99 .3 

in 2 

1 99 1 ; 

*.58 6 i 

*3f» S 

6 

...do . 

185 

. . do. 

IS 

•97 1 

9S 7 

102 .3 ! 

•61 6 1 

•43 2 

C. pmi .- 

202 

P ta^'da... . 

20 i 

99 4 

10.5 6 


*70 0 

1 

.do . 

212 

... do. 

18 1 

*98 6 

109 6 



*70 2 

1 

C. riflidum _ 

198 

.. . do. . 

21 

m 3 

99 5 


1 

*'>(•> 3 

2 

_do .. 

198 

, - do . 

16 to 18 

•tm 2 

•93 1 


i 

*24 6 

3 

.. do. 

198 

P. echinata . 

11 to 16 

101 H 

•95.1 

•90 0 

*75 0 i 

*76 5 

4 

- .. do . __ 

198 

P taeda _ 

24 to 2.5 

•97 0 

99 6 

*95. 6 

*71 7 1 

*.57 3 


TEST SPECIMENS STEAMED 5 MLNUTES A'l' 12T*()rNl)S’ PKESSUUE 


2 

G riipdvm. ... 

198 

P, taeda . 

16 to 18 

*iM. 9 1 

*90 8 . 

3 

... do - _ 

198 ' 

1 * 

P echmala 

M to 16 

100 0 i 

101 H 1 *97 4 ! 

1 


, ^ \ aluo for ronlrol sjM'cimi'ii ,, , , 

1 I)oriv(*(l from the Kooinctnc moans of the ratios , • \ alnos that uiflivaiu- 

\ aluo for slainod spocimoti 

ally arc sipnilioantly loss than 100 aro (losipuatod by nstorisks (•), Orftiin values aro sitinifioandj uroator 
than 100, but as a result of moisture dilToroncos rather than the blue slum. 

^ Rased on green v(»lume and oven-dry weight. 

SPECIFIC GRAVITY 

In only 6 of the tests was the stain accompanied hv a si^iificant 
reduction in specific gravity. Nevertheless, in 16 tests out of the total 
of 20, the specific gravity of the stained wood was no less than 0.4 
percent lower than that of the controls and in most of these Hi cases 
it was at least 1 percent 1 ow<‘T. Mathematical analysis of the aggre¬ 
gate result ® indicates that there was a definite tendency toward specific 
gravity reduction by the several stain fungi. In the (i tests where 
specific gravity losses were individually significant, the greatest reiluc- 
tion was 3.8 percent and the smallest 1.4 percent. 

COMPRESSION 

The effect of staining on (’impression parallel to the grain was rather 
variable; in manv cases an increase in this property was noted. How¬ 
ever, significant increases occurred only in tests 1 and 5, in which a 
number of the stained compression specimens were found at the time of 


® According to Fisher’s f.5, p. /Op, trcfitniont of the combimition of prob'^bilitics from tests of significance 
(suggested to the writers by R. A. Chapman). 
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testing to be drier than those in the other tests, the moisture content 
being substantially less than in the controls and frequently near the 
iiber-saturation point. It is therefore assumed that moisture differ¬ 
ences, rather than any effect of staining, were responsible for the sig¬ 
nificant increases in compression parallel to the grain.* The five sig¬ 
nificant reductions in compression strength all fell within a range of 
about 5 to 10 percent; hence were comparatively substantial. It 
should be noted, however, that these results were, with one exception, 
by the same fungus, and therefore are not necessarily representative of 
the group. 

MODULUS OF RUPTURE 

Individually significant reductions in modulus of rupture, ranging 
from about 3 to 10 percent, occurred in five of the nine tests of this 
property, and lesser, not individually significant, reductions occurred 
in two of the tests. As m the case of spec ifii*. gravity, the aggregate 
result was a statistically significant reduction in this property. 

SPECIFIC ACTION OF FUNGI 

The four species of blue stain fungi did not affect the wood with 
equal severity, and the same fungus did not have the greatest effect 
on all properties. Cerafostomella jnlifera reduced the toughness of the 
unlieated wood and the work to maximum load of the heated wood 
aj)preciabl 3 '’ more than did Gmphium rigidum. On the other hand, 

rigidum had the greater effect in the case of modulus of rupture of 
f lie heated wood. Definitely assignable differences between the effects 
of these two fungi were not brought out by the other tests. C, ips 
and (\ pinif although they produced a more intense stain than (7. 
plUfrra or G. rigidum,, on the whole did not weaken the wood as much. 

In line with some of the results previouslj^ reported, staining tended 
to have a greater effect on tlie heated wood than on the unheated. 
Differeni'cs in this respect were not evidenced in all properties, but 
mainly by work to maximum load and toughness The tests were not 
replicated sufficiently to permit a quantitative anal 3 "sis of the effects 
of heating. 

DISCUSSION AND CONCLUSIONS 

Reductions in compression and bending strength as great as some of 
those reported by Chapman {2) and again encountered in these tests 
appeared to be sufficiently unusual to warrant a special search for their 
cause. The answer apparently lies to a considerable extent in the 
respective abilities of the several fungi to extend their development 
beyond the wood rays, upon vdiich tlieir attack typically is centered, 
and to penetrate directly the walls of the tracheids. Microscopic 
examination disclosed that direct cell-wall penetration was conunon 
with Graph ium rigidum, somewhat less so with all strains of Ceratosto- 
mella pitifera, and only occasional with the strains of C, ips and O. 

7 Los*?!**? of moistiiro from the tost sj^-oifiiens took place largely durinfr tho incubation periods and, of course, 
were greatest from portions nearest the mouth of the culture tubes. It was for this reason that the stained 
eomT>ression sj^H^cimens, wliich were taken near one end of the toughness specimens, tended to have a lower 
moisture content; the controls, having l)oen tested Immodialely or else stored in closed containers, did not 
have the same opportunity to dry out os the stained pieces Except for some of the compression specimens 
of tests 1 and 5, tho moisture content of the pioeos remained high enough not to interfere with the test results. 
An increase in the strength of wood as it <lries does not occur until the moisture content falls approximately 
to the fiber-saturation point; practically speaking, the point wliere the cell walls arc saturated btil no free 
water is prasent In the cell cavitir.s. 
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pini. An abundance of O, rigidum hyphae in the tracbeids regularly 
penetrating the walls also offers a tenable explanation for reductions in 
specific gravity by this fungus amounting in one case to almost 4 
percent. Findlay and Pettifor (5) have called attention to the fact 
that the reduction in specific gravity resulting strictly from a destruc¬ 
tion of food materials stored in the wood rays probably would not 
exceed about 2 percent in Scots pine. 

The microscopic examination further brought out what appeared 
to be a definite relation between the relativ^e abundance of cell-wall 
perforations by a particular fungus and the toughness of the wood. 
This relationship extended in part to the different species of fungi 
but did not hold for Ceratostomella pilifera and Graphium rigidum. 
It is assumed, of course, that a largo proportion of the reduction in 
toughness in all cases was accomplished by the typical operations of 
the fungi strictly within the ray cells, as was essentially the case with 
C, ips and C. pini. Further evidence for the correctness of this 
assumption is offered by the fact that certain decay fungi may mark¬ 
edly affect the toughness of wood without penetrating the walls of 
the wood fibers or tracheids (1,11), 

In view of the results of the present study, it is rather surprising 
that Graphium riyidum plays a somewhat minor part in the staining 
of pine lumber whereas Ceratostomella ips is one of the predominant 
blue stain species. This leads to the generalization that predominance 
of a particular stain fungus in a certain kind of wood may not neces¬ 
sarily signify a greater local effect on the wood pro])erties than that of 
a less prominent fungus. However, it is known that different strains 
of fungi may differ variously in their effect on wood. Hence the 
results with a comparatively few strains should not be interpreted too 
closely. 

While the intensity of discoloration may be a criterion of tlie 
intensity of attack and amount of strength reduction caused by 
a single species of blue stain fungus, it apparently is not necessarily 
indicative for different species. As already mentioned, Ceratostomella 
ips and C. pini produced the darkest stain but otherwise affected the 
wood least. On the other hand, the extent of staining (i. e., amount 
of discolored wood) is a fairly reliable index of the magnitude of fungus 
attack and therefore might have some value as a basis for estimating 
relative strength losses, irrespective of the fungus or fungi concerned. 
For example, results obtained by Findlay and Pettifor, with naturally 
infected pinewood, indicated that loss in toughness was roughly pro¬ 
portional to the extent of staining. Specimens having 0 to 89 percent 
of the cross-sectional areas stained retained about 94 percent of their 
original toughness, whereas specimens with 70 to 100 percent of the 
cross-sectional area stained retained about 88 percent of their original 
toughness. However, with a little more than one-third of the cross- 
sectional area stained, about one-half of the maximum toughness 
reduction occurred. This result, if representative, possibly would 
place excessive demands on the accuracy of estimation. 

In considering the practical aspects of blue stain, it should bo kept 
in mind that the preceding results and those of the more recent previous 
investigations are based to a considerable extent on wood that had 
received some degree of heat sterilization. The factor of heating, as 
well as others introduced by laboratory experimentation, raises the 
question of how nearly results so obtained are representative of the 
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blue-stained wood ordinarily encountered. Greater strength losses in 
heatetl wood have been explained by assuming that the heat produced 
changes in the wood, rendering more of it immediately available to 
the fujigi. However, with sufficient time and favorable conditions, 
the fungi themselves may effect some of the nutritionally significant 
changes created by mild heating, in which case the ultimate effects of 
staining in slowly air-dried wood might approach those found in the 
boated wood. The critical period for stain occurrence in air-dried 
lumber is generally believed not to exceed about 30 days in the 
majority of cases. Consc(|uently, in air-seasoned board stock at least, 
strength reductions caused bv blue stain arc probably variously less 
than the tests on the steamed wood indi(‘ate. Chapman (2) reported 
that stained lumber naturally infected on the seasoning yard revealed 
less direct cell-wall penetration than existed in heated test specimens. 
Furthermore, he found that values for the wood stained by Graphium 
rigidum and (kratostornella pilijeray in tests that incorporated a heat 
treatment consisting in all but one case of 30 minutes at 100® C., 
were lower than those in tests with no heat treatment by approximately 
the following percentages; Specific gravity, 0; modulus of rupture, 4; 
total work in bending, 30; toughness, 29. 

Sufficient data have been a(‘cumulated to indi(‘ate rather definitely 
that blue stain, at least in imheated pinewood, reduces most strength 
properties comparatively little and need not be a cause for discrimi¬ 
nation from this standpoint except where strength, particularly shock 
resistance, is a prime requisite. Considering; necessarily somewhat 
subjectively, the results of the present and prior experiments, includ¬ 
ing those by others, the authors believe that fully developed blue 
stain in naturally infected pinewood commonly may reduce specific 
gravity 1 to 2 percent, strength in compression parallel to the grain 
and modulus of rupture 1 to 4 or 5 percent, and toughness 15 to 30 
percent. Surface hardness may be reduced 2 to 10 percent (»9, 7). 
The duration of favorable conditions for staining and the particular 
fungus or fungi involved apparently are the most important factors 
determining the extent of weakening. 

Exceptions to these conclusions may be found in certain woods 
other than pine, as for example, in obeche wood studied by Findlay 
and Pettifor (4). Obeche specimens stained by Botryodivlodia iheo- 
brooKXf lost as much as 43 percent of toughness, 19 percent of bending 
strength, and 12 percent of specific gravity. 

It may be significant that, with a reduction in specific gravity of 
about 2 percent, the corresponding reduction in strength caused by 
blue stain fungi does not appear to be a great deal less than that 
caused by a vigorously attacking decay fungus; in fact, there is sub¬ 
stantial evidence that the toughness reduction may be even greater 
in some cases. For example, in laboratory decay tests by one of 
the authors (I/), conducted in practically the same manner as the 
present stain study, the average percentage losses in strength asso¬ 
ciated with a 2-percent reduction in the specific gravity of red gum 
infected wdth Polyporus irmicolor were about as follows: C'Ompression 
parallel to grain, 7; modulus of rupture, 10; toughness (total work), 
35-40; and hardness, 7. 

To complete the discussion of the practical aspects of blue stain 
it should be pointed out that, in general, the conditions that favor 
the development of stain fungi also favor the development of decay 
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fungi; hence it is often desirable to examine heavily stained material 
for signs of decay. Important decay infection does not necessarily 
accompany heavy and extensive blue stain, since blue stain typically 
precedes decay, but that it commonly may do so is suggested by a 
recent report {15) in which the strength of heavily stained lumber was 
compared with that of comparably seasoned lumber that had been 
kept bright by chemical treatment. Reductions in the strength of 
the stained lumber in some cases were greater than could be accounted 
for by the presence of the stain alone. 

SUMMARY 

The effect of blue stain on the specific gravity and strength of pine 
wood artificially inoculated with pure cultures of four species of fungi 
and with different strains of some of them, was essentially the same 
as reported for prior, similarly controlled studies. Although all 
strength properties appeared to bo lowered generally, only toughness 
was affected to an extent of general practical significance. 

The different species of blue stain fungi did not affect the wood 
with equal severity, nor was their relative order of superiority in this 
respect entirely the same for all properties tested. There was some 
evidence of a broad relation between the abundance of direct (‘ell-wall 
penetration by the fungi and reduction in toughness. The intensity 
of the discoloration caused by the different fungi was not indicative 
of the severity of attack nor of the comparative weakening caused 
by each. The frequency of association between a particular blue 
stain fungus and a certain kind of wood apparently docs not necessarily 
indicate the inherent ability of the fungus to attack the wood and 
to affect its strength. 
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THE IMPAIRMENT IN NUTRITIVE VALUE OF CORN 
GRAIN DAMAGED BY SPECIFIC FUNGI' 


By H. H. Mitchell, profess^or and chief in animal nutrition^ and Jessie R. 
Beadles, assistant in animal nutrition^ Illinois Agricultural Experiment Station 

INTRODUCTION 

It has been estimated (6) ^ that the corn crop of the State of Illinois 
suffers an averaj^e annual loss of at least 20 percent from diseases of all 
kinds. The total loss from ear rot is assessed at 7.5 percent, equivalent 
in terms of uuniial production to 23 million bushels. In this estimate 
rot-damaged kernels were considered as a loss. 

The extent of infection of the corn grain by fungi of various kinds 
is an important item in the grading of corn either by physical or 
chemical means (12) or by performance tests (S). However, in view 
of the fact that the preponderant proportion of the com crop in this 
country is used as animal feed, the extent to which a crop should be 
j)enalize(l for its content of unsound corn should depend upon the im¬ 
pairment in nutrituve value that has resulted from the type of damage 
incurred. 

Moldy corn may bo toxic to pigs (5) and horses (.9), and, possibly, in 
large (juantities, to chickens (8), but the investigations referred to 
cannot bo taken to mean that all moldy corn is toxic, or that any 
[airticular mold will produce a toxic grain, because unfortunately the 
organism responsible for the toxicit^c, whether fungus or bacterium, 
was not identified. In other experiments (f, II), molds of the genus 
Fnsar’nm have been definitely and causally related to the toxicity 
of infected corn. 

Insofar as the writers are aware, no experiments on the nutritive 
value (»f unsound as compared with sound corn have been reported 
in the liU^rature. Hence, at the suggestion of Dr. (Jeorge H. Dungan 
of the Agronomy Department of the University of Illinois, the experi¬ 
ments described herein were undertaken, having as their object the 
determination of the effect on the protein and energy values of the 
corn kernel of infection with specific fungi. The fungi chosen for 
study were Drphdia zaie (Schw.) Lev., Fusarliwt moniliforme Sheldon, 
and Gihhenlla zeae (Schw.) Peteh (^r, saubinetii (Mont.) Sacc.j. These 
fungi are arranged in the order of the seriousness of the damage they 
produce on the corn crop in Illinois (6*), although at times and in 
certain sections of the State, fusarium ear rot has accounted for 
significant damage to more than 25 percent of the ears. 

EXPERIMENTAL MATERIALSAND METHODS 

The eai*s of corn (Zm mays L.) were inoculated by hand with pure 
spores of the organisms. VVhen harvested, the kernels shelled from 
tlie ears infected with the diplodia and gibberella organisms were 

' for publication I )ewml)or 22, 1939. 

* Itulio numlHTs in paronthosn'S refer to Literature CiphI, p. 140. 

'rhe material used in thest* e\jK*riments as pro\ ule»I through the generous eooix}ration of Dr. Benjamin 
K(x*hler of tho l>e}>artment of .Agronomy. 
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damaged to the extent of 94 to 98 percent in tlie former case, but only 
53 percent in the latter. In the case of the fusarium-damaged corn, 
because of the spotted nature of the infection, the damaged kernels 
were separated by hand. For each sample of damaged corn, a sample 
of soimd corn exliibiting a very inappreciable damaj'e from mold 
was secured for comparative purposes from the same field and crop. 
All samples were analyzed chemically and their heat of combustion 
determined in the bomb calorimeter. The results are compUed in 
table 1. 


Table 1.-— Varivticsy chemical compositioiiy and gross energy value of sound and 
fungus-damaged corn samples tested 


Varit'ly i 


Do- 


Do. 


Illinois hybrid 947 .. 

Illinois hybrid 92. 

Illinois hybrid 172. 

Iowa hybrid 13.. 

Illinois hybrid 900. 

Improved Kcid Yellow 
Dent. 


Condition 

Weight of too 
kernels 

o 

h. 

o 

c 

Crude protein 

o 

2 

K 

c. 

b. 

o 

w 

o 

X: 

cc 

Ci 

V 

s 

u 

Xitrogen-free 

extract 

Gross energy 
per gram 


tr 

S 

C 

o 

.c 

Calcium 








Small 






Per- 

Per- 

Per- 

Per- 

Per- 

calo- 

Per- 

]\r- 

Per- 


Crams 

cent 

cent 

cent 

cent 

cent 

Ties 

cent 

cent 

cent 

/Sound. 

21 K2H 

9 72 

11 12 

4 10 

1 S4 

71 82 

4,093 

1.40 

0 ,12r. 


iDiplodia rot.. 

20 (H() 

10 00 

11 09 

2 04 

2. 51 

71 58 

4,0.39 

1 52 

. 3.50 


fSound_ 

2.'> OKf) 

9 54 

10 88 

4 (K) 

1 70 

72 4.1 

4.082 

1.39 

32;i 

0. (X).5() 

(Diplodia rot-- 

21 370 

9 58 

11.19 

3 OHl 

2 52 

72 10 

4,040 

1.53j 

..‘1.10 

. 0(K51 

1 Sound . 

23. OOf) 

! 9 78 

10 75 

4 201 

1.74 

72 10 

4,084 

1 37 

.311 

. 

lI>iplo(lia rot 

21.509 

10.40 

11 (K) 

3 121 

2 31 

71 48 

4, (M).l 

1.03 



/Sound . 

31.139 

9.81 

10 91 

3 74 

1 78 

72 29 

4,947 

1 44l 



llJiplodia rot - 

23 709 

10 22 

11 00 

2 f>0| 

2 20 

71.07 

4,(K)5 

1.5K»| 



/Sound . 

26,291 

h. 90 

7 09 

4 401 

1 92 

75,09 

4,019 

1 28 

.'270 

. 0033 

\Diplodia rot 

21 522 

H 83 

lOi 

2 82| 

2 4f» 

7f» 89 

3,902 

1 38 

.308 

.U0f>0 

/Sound. 

32 590 

8 M 

8 88 

1 Oa 

1 91, 

74 37 

4, (MK) 

1 3.5 

.312 

. (KI23 

iDiplodia rot-- 

25 K71 

8 90 

9 12 

3 (K>i 

2 50i 

74 97 

.'1,994 

1. 4.5 

.318 

. 0943 

jSound . 

21 .S4(i 

9 72 

10 02l 

4 30 

1.72: 

72 311 

4,077, 

1.30 

.3031 

.9000 

<I)it»lodia rot . 

22 (»<*4j 

9 00; 

12 19: 

2 IK) 

2 04 

71 IMi' 

4,0.551 

1 011 

. 300, 

. 0072 

lOioborella rot 

17 414' 

9 .50 

13 (H»i 

3 91' 

2 91 

OS 71 i 

4,113: 

1.85; 

. 385 

.0078 

1 Sound - _ 1 

30 2(.8, 

7 40' 

9 (K), 

4.31, 

1.98, 

75 811 

4.127j 

1 44i 

.228' 

, (M);i8 

lEusariumrot- 

20 835j 8 46 

9.88 

3.571 

2.00| 

i 

73 87 j 

1 

4,(Ki4' 

1 

1 02 

1 

.25Mj 

.0087 


* The hybrids had the following ixjdiprees Illinois hybrid 947, (U4 X I’r) X Tr X 317); Illmois 
hybrid 92, (WF9 X fil20)X(K4 X Ily); Illinois hybrid, 172, (K4 X IIy)X(A X Wo); Illinois hvbrid 9 ».(), 
(114 X Uy)X(317 X 701); Iowa hybrid 13, (349 X 317)X(3I3 X 401). The improved Jieid Yellow^ Deni 
was the Illinois Agricultural Experiment fStatiou strain of this variety. 


For the protein tests, three rations were made up for each pair of 
corn samples tested. Two of the rations contained <S8 and tS7 ])ercent 
of the sound and unsound corn, respectively, together witli vitamin 
and mineral supplements. The lower oil content of the dama^etl corn 
was compensated for by the inclusion of 1 percent of corn oil in tiie 
corresponding ration so that the gross energy values would be a])j)roxi- 
mately equal. These rations contained only from 9.5 to 12.5 jKU’cent 
of crude protein, mostly derived from the comparative corn samples, 
but were otherwise complete. Tlie third, or diluting, ration contained 
no corn at all, but the same mineral and vitamin supplements as tlie 
other two, and enough starch, sucrose, and corn oil to furnish 
approximately the same gross energy per gram. 

The rations for the energy tests contained 68 and (>7 percent of 
sound and unsound corn, resp(jctivcly, and were supplemented, not 
only with vitamins and minerals, but also with 20 percent of casein. 
They were, therefore, nutritively coinpl(?te, closely similar in gross 
energy value by actual determination with tlui fiomb calorimeter, 
and possibly different only in the extent of utilization of the contained 
energy. The composition of the rations is shown in table 2. 
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The iiaircd-fecding technique was used throughout these experi¬ 
ments. ]n the energy tests, paired rats were fed equal amounts of 
food and the relative energy values were judged by the gains in body 
weight produced and by the gross energy content of the carcasses of 
pair mates. In the jiroteiu tests, considerable differences in live 
weight of paired rats wore not allowed to develop. As soon as a 
tcndc^ncy for a difference in weight appeared, the ration of the rat 
gaining the faster was diluted with the diluting ration above described, 
containing only about 0.5 percent of nitrogen, to the extent required 
to maintain equality in weight between pair mates. Differences in 
protean quality of comparable rations were, under these conditions, 
inviTsoly proportional to the amounts of dietary protein required for 
ecpial gains in body weight. 

The rats were started generally at weights varying between 40 and 
55 gin. The digestibility of dietary nitrogen or of dietary energy 
was detcrmiiK'd in each (‘xperirnent in a 7-day collection period on 
constant intake of food, a marker (F 2 O 3 ) being used to separate the 
f(»ces. At the teiinination of the feeding periods, which lasted usually 
for G to 12 W(‘eks depending upon the rates of growth secured, the 
rats wc're killed with ether, the bod}" lengths from tip of nose to root 
of tail measur<‘d, and the empty body weights determined. In one 
experiment (No. IGS) concerned with the energy value of sound and 
fusariuin-infected corn, the car(‘ass('s of the experimental rats were 
froz(*n, ground finely in a hand mill, thoroughly mixed, and the gross 
energy (heat of combustion) of weighed portions determined in the 
l)omb calorimet('r. 

Tvble 2 — Composition of the experinumial ratioris vserl in the protein and the energy 
studies with sound and fungus-d'imaged corn 


I'rotein studies j Enerp^y studies 


InKFcdu-nls ! 

Sound corn > 

rn.sound 

Diluting 1 

Sound (‘orn * 

Unsound 


ration | 

Corn ration 

ration ! 

ration 1 

corn ration 


I\rccut 

Percent 

Ptreent ! 

Percent 

Percent 

Sound corn i 

HS 0 

\ 0 0 

n , 

08 0 

0 

l^nsound corn 

1 (1 

i S7 0 

0 1 

0 

07.0 

Salt mixture 

4 0 

1 (1 

4 0 

4 0 

4.0 

J>ruHl ycaist..- 

0.0 

r> 0 

f. 0 

(> 0 

6.0 

(’od-livcr oil 

1 5 

l 6 

1 T) 

1 . 

1.5 

Whcat'Rcrin oil -- 

Ct 

.6 

.6 

.5 

.5 

(’’orn oil. 

{) 

1 0 

4 0 

0 

1.0 

Starch_ __ .. . . , 

0 

0 

74.0 

0 

0 

Sucrose__ - - - 

0 

0 

10.0 

0 

0 

Casein. . . .... I 

u 

0 

0 

20.0 

20.0 


EXPERIMENTAL RESULTS 

Tho analyses of the samples of sound and unsound com, collected in 
table 1, together with the weights of 100 kernels in each case, reveal 
some fairly consistent differences. In all comparable samples, the 
mold-damaged corn contained less fat, averaging about 25 percent less, 
than the sound com, more ash, calcium, and phosphorus, distinctly 
more crude liber, and generally more nitrogen. These differences must 
result from (he destructive aclion of the mold on some of the nutrients 
in the com and from tlie addition of the nutrients of the mold itself. 
The germ seems to be the most vulnerable part of the kernel for most 
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types of damage; of the constituents of the germ, it has been shown by 
Rabak (7) and Zeleny and Coleman {]2) that the oil is definitely de¬ 
stroyed by molds. In fact, Zeleny and Coleman found that fat acidity 
is a satisfactory chemical measure of soundness in corn, being more 
reliable even than the percentage of damaged kernels. The lower 
content of fat (ether extract) in the damaged corn than in the sound 
corn can probably bo explained, therefore, on the basis of a direct 
destruction of fat by the fungus. The increased percentage content 
of protein (NX6.25), crude fiber, and ash in the damaged corn may be 
in part a mathematical resultant of the louvered percentage of fat in 
the germ and in part a distortion of the proportions norrnally existing 
among the anatomical parts of the corn kernel. These increases are 
analogous to the increased content of carotenoids that Clark and 
Gring (2) observed in damaged corn, though in the latter case a possible 
differential efl’ect of storage for more than a year on the sound and the 
damaged grain must also be considered. 


Table 3 .—Average resnlls of the protein studies %vhen sovnd and fungus-damaged 
samples of different varieties of corn were fed to rats 


Ex- 

tieri- 

uicnt 

No. 


Condition of 
corn 

'avt- 
Cairs' age 

^Av.t- 
age ' 'V':/ 

1 

Digestibility j 
of nitrogen > 

1 

Katio of 
nitrogen 
intake» 

Varu'ty of corn 

of rats time 
iiseil ; on 
■ feed 

. body 

; gam in 1 

1 weight ‘^"^”‘'A\er- 

Pairs 1 
eon* 1 \vi‘r- 

Pairs 

eon* 





j 


ag(‘ 

foriii* ! age 

form* 





i 

. 


ing 


ing 




Nurn- 

j Milli- 

Per¬ 

Niim-1 


Xu m- 





ber i Days 

drams meters 

cent 

bn ’ 


ber 

124 

Illinoi.s h> brid 92 

fSouiKi 
(.Di plod la rot 

} 

4 i 48 6 

/ r>7 6 ; 172 8 
t f)G 4 ! 171 8 

84 2 
82 6 

} id 

22 

} ’ 

102 

Improved Keid Yellow 

(Sound 

(Diplodiurot 

1 

G 1 38 8 

/ 10 r) , 1 (j9 2 

83 6 

1 - fl 


1 6 


Dent. 

f 

1 39 3 170 b 

81 8 

f •' 111 

34 


139 ! 

low’a h>bn<i 13 ' 

/Sound 

iDiplodiarot 

} 

9 1 69 2 

j 60 8 , 177 r> 

1 61 7 ' 177 2 

86 1 
81 9 

j H(s;{{ 

18 

) H(S) 

143 

Illinois hybrid 947 

/Sound - 
U>q)lo<iia rot . 

1 

/ 

10 ! G.*) 9 

/ 62 5 178 3 

1 1)1 6 ' 177 0 

84 1 
80 6 

} 

27 


144 

Illinois hybrid 172 

/Sound ' 

1 Dijjlodia rot 

} 

8 1 71 9 

r 71 1 : 179 6 
] 69 6 ' 179 7 

84 2 
82 6 

) ^•.^>|d 

26 

1 

200 

Inipro\ed Keid Yellow 

(Sound 

\ 

10 I 70 6 

/ Hr> 1 ' 18.') 9 

82 8 

\ 


|l"’ 


Dent. 

iDiploiliarot 

1 84 4 ' IKf) 4 

79 6 

26 

208 

Illinois hybrid 960 j 

/Sound _ I 

I Dijiloiliarot J 


10 j 71 2 

/ 67 4 ; 176 2 i 
1 66 6 ' 176 2 1 

81 6 
79 4 1 

'} " Id 

13 


119 

Irnjiroved Keid Yellow i 
Dent. 

(Sound _ _ I 

■[(fibberella ' 
I rot , 


1 

8 : r, 6 

1 

f 1-' 1 1 1 

1 -16.1 . ; 


1 

... 

- 

167 

, ,.do - . 

/Sound 

\ Kusariurn rot- 


10 ; 46 1 

1 

/ IK 1 156 0 ! 

1 171 : 151.3 : 

81 9 
76 0 

}"• id 

34 




> When the number of determinations of diKestibilily and of the ratio of nitronen intakes required for 
equal gains is less than the number of pairs of rats originally placed on experiiiu'iit (column 4), the reduced 
number is indicated in parentheses. 


The average results of the protein studies are collected in tabic 3. 
The statistical significance of the difierences between averages is 
indicated by the ^^mirnber of pairs conforming,'^ giv(*n ifi columns 
9 and 11. Thus, in experiment 124, of the four pairs of rats used, a 
greater digestibility of nitrogen was observed in three pairs, and a 
smaller intake of nitrogt'ii ref|uired in all four pairs by the rat on 
the sound corn ration. In this experiment, 1 gm. of nitrogen in the 
sound corn proved to be the nutritive ecpiivalent of 1.22 gm. of 
nitrogen in the dijilodia-rott-ed grain. 
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The evidence in table 8 demonstrates that the diplodia fungus 
definitely, if only slightly (about 2.5 percent), depressed the digesti¬ 
bility of protein in the corn kernel and lowered its biological value. 
On an average, 1 gin. of nitrogen in the sound corn was the equiva¬ 
lent of 1.23 gm. of nitrogen in the diplodia-damaged corn, a difference 
that cannot be accounted for, except in small part, by tlu^ impair¬ 
ment in digest!l)ility observed. Tliis difference indicates that the 
nitrogen in the damaged corn was only 81.3 percent [(1-^1.23)X100] 
as valuable to the growing rat as the nitrogen in the sound corn. 

The fusarium-damaged corn showed a greater impairment in the 
dig(‘stibility and in the total nutritive value of its nitrogen for main¬ 
tenance and growth than the diplodia-damaged corn. The depression 
in digestibility averaged 6.9 percent; and in the promotion of growth, 
] gm. of nitrogen in the sound corn was the nutritive equivalent of 
1.34 gm. of nitrogen in the damaged corn. This means that the 
nitrogen of the damaged corn was only 74.7 percent as valuable to 
th(' growing rat as the nitrogen in the sound corn. However, it 
cannot be inhTred that fusarium rot is more deleterious to the niitri- 
tivi‘ value of corn than diplodia rot, because in the particular samples 
tested th<‘ extent of damage may not have been comparable. 

The protein damage occasioned by the diplodia and fusarium fungi 
may be entirely the result of the conversion of the proteins of the corn 
kernel into mold proteins, which have been shown to be of very low 
biological value (4,10). This explanation is offered on the assumption 
that all molds are similar in the nutritive value of their proteins for 
the support of mammalian growth, the references cited having to do 
with other molds than those here studied. 

The gihberella-damaged corn proved to be so toxic for rats that too 
little was eaten to permit a fair test. However, even with this limited 
consumption of the ration containing the damaged corn, many of the 
rats died. 


Tahle 4 .—Average remdts of the energy studies when sound and fungus-damaged 
safnples of different varieties of corn vwre fed to rats 
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form- 
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1 

form- 
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i 

1 






1 ing» 

mg 1 



j 

'Num-\ 



Nuvi- 

A/iV.i- 

Nim- 

Per- 

JVmwi- 
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Days 

Grams 

ber 

meters 
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cent 

ber 

irj 

Illinois h>hrul 947 .. 

It Diplodia rot 

} la 

i 00.2 

/141.5 

1133.6 

] » 

/199.2 
1200. 2 

I 

/90.2 

\K8.« 

} 

2(»6 

Tiuproved Houl Yellow 
Dent _ 

/Sound. 

iDifilodiarot - 

} 10 j 84 

/149.9 
\ 143.1 

} R.5 

;202.0 
\20I 9 

} 0.6 

m.5 
189.2 

} 

207 

Illinois hjhritl 900 

/Sound . 

1 Diplodia rot 

1 } 10 

j 77 

fjr)6.7 
1148 8 

} 9 6 

rJM 6 
1205 1 

} 

f9l.4 

190.4 

} ^ 

1<»8, 

Improved Ridd Yellow 
Oerit. 

/Sound . _ 

\ Fusarium rot. 

} 

1 5fi 

1 

/ 67.2 
\ 46.4 

}.o 

/175 8 
1168.4 i 

! 1 

}io 

/91 0 
188.9 

} 


I See text for further ovplanatlon 


The average results of the energy studies on diplodia-damaged and 
fusarium-damaged corn are given in table 4. Again the evidence of 
nutritive damage is clear-cut. The gains in body w^eight and the 
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digestibility of energy were definitely depressed on the rations con¬ 
taining unsound corn as compared with the rations containing sound 
corn. Here, also, the damage associated with fusarium infection was 
definitely greater than that associated with diplodia infection. 

To complete the evidence with reference to impairment of energy 
utilization, the rats in experiment 168 were killed and the energy con¬ 
tent of their carcasses determined, with the results assembled in table 
5. In all 10 pairs the rat on the unsound corn contained less gross 
energy than the rat on the sound corn, the average deficit amounting 
to 25 calories, or 13 percent. 


Table 5.— The energy content of the rats used in experiment 168 


Pair No. 

Energy contenf of ciireass in— 

Calories per gram i 
of rats fed— 

I’otal calories of 
rats fed— 

Sound 

corn 

ration 

Unsound 

corn 

ration 

Sound 

corn 

ration 

Unsound 

corn 

ration 


Calories 

I IM 

1 W 

1 IM) 

1 96 
2.03 

2 09 

1 W> 

i.r>s 1 

1.97 

2 ()(i 

Calories 

2 00 

1 83 

1 81 

1 91 ! 
1 70 

1 97 

2 07 

1 91 

2 03 
1.74 

Calories 
179 
181 
145 
218 
219 
23(> 
186 
197 i 
164 
202 1 

Calories 

174 

137 

122 

183 
159 
220 

184 

1 197 

156 

1 161 

1 .. . 

1 

Average'..-. 

1 

L95 

1.90 

193 1 168 


> Calculated on empty weight of rats. 


CONCLUSIONS 

Infection of corn with diplodia ear rot {Dijdodia zeae (Schw.) 
Lev.) or fusarium car rot {Fusarium monilijonne Sheldon) definitely 
impairs the digestibility of the contained nitrogen and energy and the 
nutritive value of the protein and energy for the promotion of growth 
in the rat. The damage done by the fusarium organism may be more 
severe than the damage done by the diplodia organism. 

The chemical composition of corn undergoes definite changes as tlie 
result of infection with these molds, prominent among wliich is a 
marked loss in ether-extractable constituents, 

A sample of corn containing as much as 53 percent of kernels 
damaged by Gibberella zeae (Schw.) Fetch. [G, saubinetii (Mont.) 
Sacc.] is extremely toxic to young albino rats. 
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PEA SEED TREATMENT WITH CHEMICAL DUSTS ■ 


By J, C. Walker, professor of plant pathology^ FI J. Delwiche, professor of 
agronomyy and Paul G. Smith, assistant in plant pathology and agronomyy 
Wisconsin Agricultural Experiment Station ^ 

INTRODUCTION 

Among the first applications of organic mercury dusts to pea seed 
were those made by Jones (7)^ for the control of seed-borne pathogens, 
particularly Ascochyta spp. It became evident from these investiga¬ 
tions that the protection of the seed from decay bv organisms in the 
soil was also an important phase of treatment. The value of certain 
organic mercury compounds for this purpose was demonstrated by 
the same investigator (8) and by Haenseler (4). The former found 
that germination was reduced markedly when the soil was watered 
heavilv immediately after sowing, particularly with the wrinkled, 
s(*(»ded varieties with sugary cotyledons, as compared with smooth- 
seeded varieties with starchy cotyledons. Seed treatment offset to 
a certain degree the detrimental effect of high soil moisture, and in 
the case of the smooth-seeded variety, Alaska, a good stand was 
secured with treated seed regardless of the soil moisture and soil 
t(»mperature. Hull (f?), in England, noted that high soil moisture 
redu(;(»d emergence owing to the activity of soil organisms on the 
se(‘(ls. He also found that the smooth-seeded varieties. Pilot and 
Alaska, were h'ss liable to injury than Gradus, a wrinkle-seeded 
variety, and that organic mercury dusts were helpful in increasing 
emerg(aic(\ Brett et al. (^), also in England, found seed treatment 
beindicial to tin' stand in early-spring sowinp, the benefits decreasing 
as the sowings were delayed. A study in the same country by 
Padwick (10) of the causal agents of pea-seed rotting in the soil 
show(‘d that a large number of organisms not otherwise pathogenic 
on peas were involved in this complex disease and that the foot rot 
organisms such as Ascochyia pisi Lib. and Alycosphaerella pinodes 
(Berk. & Blox.) Stone were apparently of little importance in seed 
rotting. 

Following the earliiT use of organic mercury dusts other materials 
were test('d. Horsfall (J) introduced the use of red copper oxide 
(CU 2 O), particularly for the variety Surprise. This compound was 
recommemh'd by Anderson et al. (1) in Illinois, by Cook (5) in Vir¬ 
ginia, and by Ogilvie and Hickman (r9) in England. Zinc oxide 
when tried by Cook (S) t('nded to stunt tin' plants after germination, 
while Ogilvie and Hickman (0) reportc'd it to be less t'ffective than 
red copper oxide. 

The present paper is a report of seed-treatment experiments with 
canning peas (Pimm, mtirim L.) in Wisconsin during a 4-ycar period 
from 1936 to 1939, inclusive, particularly with red copper oxide and 
2-pen'ent Ceresan. 

> Received for publication December 26, 1939. 

* The writers are indebted to Waller Virgin, William Carlsen, John Arcl/Can, and Lawrence Rlzak. all 
of whom have assisted in certain phases of this work, 

® Italic numbers in parentheises refer to Literature Cited, p 146. 
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METHODS AND MATERIALS 

During 1936 and 1937 tests were carried out on Colby silt loam at 
the branch experiment station at Marshfield, Wis. Seed was dusted 
with red copper oxide and graphite according to manufacturers^ 
recommendations and planted in a grain drill in strips 4 feet wide and 
16 rods long. Three plots of each treatment were planted on May 15, 
1936; two plots of each on May 25, 1937. Stand estimates were made 
about 4 weeks after planting by taking the counts of plants in square- 
yard areas at several random locations in each plot. 

In 1938 and 1939, single-row plots of 110 or 150 seeds per row were 
used. The individual row lots were dusted in separate packets and 
planted at approximately 10 seeds per foot of row. At the time of 
planting, the hands were dusted with the material used on the seed 
in order to avoid removal of dust from the seeds during the planting 
operation. All excess dust vv^as left in each envelope. Four row- 
plots of each lot of seed were used for each treatment arranged in 
random order. Counts of the complete stand in each were made about 
4 weeks after planting. In addition to the Marshfield tests in 1938 
(sown May 2), the same plot design was repeated in an early (April 25) 
and a late (June 3) planting on Miami silt loam at the branch experi¬ 
ment station at Sturgeon Bay, Wis., and in an early planting (May 3) 
on the same soil type on the university farm at 3\Iadison, Wis. Jn 
1939 plantings were made on Al'ay 9 at Marshfield, on the sanu' dale 
at Sturgeon Bay, and on May 13 at Madison. 

Tlie pea seed used was secured from the branch experinumt station 
at Sturgeon Bay. The red copper oxich* was provided by Rohm aiul 
Haas Co. The Cen^san contained 2 percent of ethyl mercuric', chloj idc 
and was provided by the Bayer-Semesan Co, 

For comparative purposc^s the rainfall record was used for the' 
period beginning 3 days bedore sowring and extending for 11 da^-s bc*- 
yond sowing for each location. Signific'ance of difference in all easels 
was checked by thci analysis of variances method. 

EXPERIMENTAL RESULTS 

The stand counts at Marshfield for 1936 ajul 1937 are given in 
table 1. At this location no significant increase in stand was sc'nured 
with either the smooth-seeded Alaska or the four wuinkle-seeded 
varieties. No detrimental effect w^as apparent except a temporary 
slight retardation in vine growdli in 1937 with all varieties except 
Wisconsin l^enin. The soil moisl.ure at the time of sowing w as lowest 
in 1937. 

In table 2 are the stand counts from all plots in 1938 and 1939. 
It will be noted that two additional locations were added. Again no 
benefits in stand were secured in 1938 with the Alaska seed from either 
treatment. At Madison the only significant increase was with red 
copper oxide on one variety, Wisconsin Perfection. At Marshfield 
the oxide was beneficial on all three wrinkle-seeded varieties, whereas 
with Ceresan no significant increases in stand were secured. At 
wSturgeon Bay significant increases were noted at both planting dates 
with each compound in all wrinkle-seeded varieties except Merit. 
In a majority of cases .the increase in stand was greater with red copper 
oxide than ^ith Ceresan. There was no clear-cut correlation between 
soil moisture as indicated by the precipitation records and the effec¬ 
tiveness of treatment. 
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T \ble 1.— The effect of red cooper oxide treatment on stand of pea varieties planted 
at the Marshfield Experiment Station, 1936 arid 1937 


Stand counts (plants i)er square 
yard) 


Variety 


Year 

of 

test 


Rain- 

fain 


Alaska... — - - 

AVibConsin Early Sweet . 

Surprise . - 

Isconsin Perfection- 

Wisconsin Penin - 


Untreated 


fl936 

[1937 

1936 

1937 

1936 

1937 


Inches 
1.32 
.56 
1 32 
.56 
1.32 
.56 


Number 
8:1 8 
99 8 
130.5 
106 8 


72.2 I 
73 0 I 


Treated 


Number 
81.3 
90.0 
12.5.8 
103 8 
77 9 
74.0 


Differenw 
reciuired 
for signifi¬ 
cance be¬ 
tween treat¬ 
ments (I 19) 


10 8 
24 0 
10 8 
24 0 
10 8 
24.0 


> For the period inclusK e of 3 days before and 11 day.s after sow inc. 


'r\HLE 2. - The effect of seed treatment on stand of pea varieties in 1938 and 1939 

U«8 EXPERIMENTS 


Variety 




W I soon. Mil Kaily 
Sweel. 


\\ i.sfonsin Peifeotion 


\\ iseonsin Penin 


Merit 

Uanner King 

Mirptis«‘ 


Location of I late of 

trial sow ing 


Stand in the various 
treatments 


Rain¬ 
fall > 


I rn- 
treated 


2-per- 

(‘ent 

Cer- 

esan 


Red 

copper 

oxide 


I 


Significant 
Differ- , (-f 1 orlnsig- 
cncere-' nificant ( —) 
quired • increase over 
for sig- untreated 

nifl- '_ 

cance 
(1*19) 


Cer- 

esan 


1 CuO 


Mar'*lifield .. 

May 2 

Inches 

2 51 

Percent' Percent 
78 7 ' 76 0 

[Percent Percert 

1 78 0 , 7 3, 



-Madison ... 

May 3 

.66 

97 3 

98 0 

; 98 7 

6 0 

_ 

— 

'^turgeou 11- 1 > 

-\pr. 25 

2 :i4 

90 0 

01 8 

, 92 7 

6.4 ' 

— 

— 

do 

June 3 - 

41 

85.5; 

83. 6 

01. 8 

7 3 

_ 

_ 

-Marshfield 

May 2 . 

2.51 

58.0 

57 3 

(■5.3 

7.3 

_ 

+ 

Madison.. .. 

-Max 3 

. 6t» 

91 3 1 

92 7 

, 06 0 

6.0 

— 


Sturgeon Ray. 

\pr 25 

2.34 

70 0 ! 

80 0 

^ 90 0 

6 4 ' 

+ 

-f 

do . . 

.1 une 3.. 

44 

55 5 1 

78 2 

89 1 

7.3 

+ 

-f 

Marshfield 

Max 2 

2.51 

32.7 

38 0 

44 0 

7.3 


+ 

Madison 

Ma.x 3 

.66 

65 3 ! 

t)8.0 

71 0 

6 0 ; 

— 

-f 

Sturgeon Ray 

.4.|ir 25. 1 

I 2 34 

40.0 

54 5 

65 5 

fi 4: 

+ 

1 + 

1 do .. - 

, June 3 1 

1 44 

39.1 i 

67.3 

62.7 

7 3 ‘ 


1 -f 

-Marshfield . . 

i Ma> 2 i 

S 2 51 

57 3 1 

62 7 

1 60 7 

i 7 3 i 


1 -h 

1 .Madison 

M ix 3 1 

66 , 

85 3 ' 

86 7 

88 0 

6 0 1 

~ 1 


iSluigeon Ra> 

' Apr. 25. 1 

2 34 1 

63 6 ; 

74 5 

! 79. 1 

6 4 1 

+ 

+ 

1 . do 

i June 3 1 

.44 

66 4 1 

74. 5 

1 80 9 

i 7.3 j 

+ 

+ 

Sturgeon Ray. 

1 June 3 1 

! 41 ; 

81 8 1 

87 3 

1 89 3 

1 7 3' 


1 ■+ 

do. 

! . do ; 

.44 1 

67 3 

79 1 

, 85 5 

7 3' 

+ 

I 

do 

. do -I 

.44 1 

46 4 1 

1 

65 5 

> 75 5 

7.3 I 

-f 



1939 EXPERIMENTS 


1 

Marshfield 

Mav 9 

.00 1 

05. 2 

98 5; 

97.3 1 

5 1) 


\la,sk:r -i 

Madison. _ 

Max 13 . 

.20 : 

01 9 

95 0 

W 7 i 

8 0 

— 


Sturgeon Ray. 

May 9. 

1.26 1 

05.2 

07 9 1 

08 0 ; 

0 3 

— 

Wisconsin Early , 

Marshfield. .. 

Alay 9 

25 1 

91 0 

01 0 

03 2 1 

5 0 

— 

Madi.son 

May 13. 

.20 

85 3 

82 5 ' 

85 2 

8 0 > 

— 

Sxxoet. 

Sturgeon Ra.x 

Ma> 9 

1 2{> ' 

33 0 

.55 3 

03 5 i 

0 3 



.Marshfiehl 

' May 9 

.25 1 

82.7 

1 80 0 

81.0 1 

5 0 , 


AN isconsin Perfection -i 

.Madi.son 

May 13 . 

20 

84 9 

87 3 i 

00 0 t 

8 0 ' 

— 

■ 

Isturgeon Rny. 

May 9 . 

1.2<i . 

65 2 

1 72 5 ; 

87 0 1 

0 3 

— 


1 Marshfield 

May 9 

.25 ‘ 

73 3 

i 78 3 j 

75 0 1 

5 0 

+ 

W iseon.sin Penin - i| 

Atadison 

May 13 . 

i J20 ; 

79 3 

' 77 0 ! 

77 7 

8 0 

— 


[sturgeon Ray 

May 9-. 

1 1.26 

57.0 

61 7 ' 

83 5 

0.3 

— 


1 For the period inclusive of 3 days liefore and 11 daj’s after sowing. 
liTOOriS—40-5 
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In 1939 the two troatmonts were again ns(ul at oacli of the throe 
locations of 1938. At Marshfield and XIadison the sc'ason was very 
dry at the time of sowing. No incn^asc's of consequence, with one 
exception, were secured atcitluTof these, stations (table 2). At Stur¬ 
geon Bay the Alaska was again not influ(‘nct‘d by treatment, while rt‘d 
copper oxide caused significant increases in stand for th(‘ three wrinkle- 
seeded varieti('s. The Ceresan treatment was effective in improving 
the stand of only one variety at Sturgt'on Bay--Wisconsin Early 
Sweet but in this cas(* its effect was much less than that of red 
copper oxid(‘. 

DISCUSSION AND SUMMARY 

Th(‘ r(‘sults of 4 y('ars’ trials with tn'atnu'nt of pcui s(‘ed in Wisconsin 
show clearly that the benefits to b(‘ derived will vaiy with the season 
and location. All tlu' fu'lds used had been subject('d to rather intensive^ 
pea ])rodu(*tion previous to the experiments. In accord with the 
findings ah‘eady cit(‘d from England, the conditions which bring about 
stand reduction of sugary-cotyledon(‘d forms are not dtdrimental to 
the starch-seeded Alaska, and consequently se(‘d tnmtment ^\as of no 
value to this variety at any time during the 4-y(‘ar ixu-iod. 

Jn the soil of relatively high water-holding capacity at Marshli(*ld 
signifi(‘ant increase's from treatme'iit W(‘r<‘ se'cun'd in only 1 out of 4 
years. This was in the yeair of heaviest precipitation at that station 
during the planting period. It is important to not(\ howt'vc'r, that in 
that sc'ason (1938) only red coppeT oxide' vas b<*ne*ficial and the' in- 
cre'ases in stanel, although significant, we're' de'cide'elly lowe'i* than those* 
of the same se'e'el sample's in tre'ate'd plots at e)the‘r locatie)ns. It is ol)- 
vious that at Marslifie'ld, in this sc'ason, ti-e'atme'Ul elid not ce>rr(*ct ade*- 
quate'ly the “poe»r stand’^ difficulty. 

The Sturge'on Bay soil, although of the same classification as that of 
Madison, bene'fite'd more (*onsistently from p(*a-s(‘e'd tie'atme'ut than 
did the latte'i*. In the* early plantings of 1938 and 1939 it was in (*ae*h 
case* the* moiste*r se)il. The* e'arly and late sowings at vSturge*e)n Bay in 
1938, how^eve'r, be)th showe*d be'ne'fits of tre'atnu'nt while* the* rainfall 
during the* first sowing periexl was 2.34 inche*s as compare'd with 0.44 
inch during the s(*ce)nd. 

It may be said, the*re'fore, that the conditions which favor (‘otyle*do»i 
de'cay eliiring germination occur periodi<*ally but met ne'ce'ssarily 
consiste'iitly under ave'rage Wisconsin conditions. Thi'V ele) not se*('m 
to affe'Ct the stand of starchy-e*otyl('<lone'd forms, but may re'duce* the* 
slanels of the sugary-see'de*d varietie's. Re'd ce>ppe'r oxide* is a safe* anel 
be'ueficial prote*e*tive* tre'atnu'nt for all varietie'S of the* latte'r gre^uj). 
Cere'san, while some'tiire's be'iu'ficial, was not so effe'ctive* as the* oxide* 
in tlu'sc trials. 
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THE EFFECT OF SOME MINERAL NUTRIENTS ON THE 
DEVELOPMENT OF CLUBROOT OF CRUCIFERS' 


By Dean E. Pryor 2 

Formerly lenearch assistant in plant pathology^ Wisconsin Agricultural Experiment 

Station 

INTRODUCTION 

Many workers (^, S, 7, j?0, 11 y 12, 13, 15, lOy have demonstrated 
that varying the nutrition of a plant has a decided effect on disease 
development. In the majority of these studies nitrogen, potassium, 
and phosphorus were the elements under investigation. The specific 
response appeared to vary with the degree of plant resistance, with the 
parasite involved, and with the nutrients supplied. Petri (7) observed 
that, in general, nitrogenous dressings aggravate susceptibility, where¬ 
as phosphatie and potassic applications reduce it. In regard to the 
vari(dy or strain of the host the findings of Gassner and Hassebrauk 
iS) with S(‘veral rusts of wlieat, barley, and oats illustrate the general 
cas(i. I^artially resistant hosts proved to be the most suitable ma¬ 
terial for nutrititional experiments. If the plants were cither highly 
r(‘sistant or immune, varying the proportion and amount of salts in 
the culture solution did not change the disease reaction, whereas if 
(‘xtrtuiiely susc('ptible plants were employed the disease attack was 
so severe that the nutrititional effects were masked. 

The possible influence of sulfur ()ils in cruciferous plants upon the 
d(‘velo[)m(‘nt of clul)root {Plasmodiophora^rassicae Wor.) w^as first 
sugg('sted l)y Rochlin (9), The purpose (?P^he present investigation 
was to vary the oil content of the host through controlled nutrition 
and to study the consequent effect upon the development of the 
disease. The mustard oils present in crucifers all contain sulfur and 
nitrogen while their glycosides also contain potassium. These nutri¬ 
ent elements were selected for study, 

METHODS 

In these experiments Shogoin, Cowdioni, and Purple Top Milan 
varieties of tuniip {lirassica rapa L.), two strains of black mustard 
{B, nigra Koch) and Jersey Queen variety of cabbage (R. oleracea var. 
capitaia L.) were used. The average percentages of clubroot-infected 
plants from several greenhouse trials of the above lots of crucifers 

I Ileceivoii for publication Deceml)er 30,1939, 

* Tho writer w i.shes to acknowloiif^e the helpful advice and criticisms of Dr. J. C. Walker, department of 
plant pathoU)R.\, University of Wisconsin, under whose direction the work was done, and to thank Dr. B. 
M. Du^uar, department of botany, University of Wisconsin, for reading the manuscript and for suggestions 
throughout the course of study. The investigation was supijorted in part by a grant from the Wisconsin 
Murani Research Foundation and part of the nontechnical assistance was provided by the Federal Works 
Progress Administration. 

3 Italic numbers in parentheses refer to Literature Cited, p, 159. 
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grown on luiturully infested soil collected in sontheni Wisconsin are 

as follows: percent of 

plants 

diseased 

Strain No. 14 ))lack mustard— --- - -- 85 

Strain No. 10 black mustard-- --- . .. 5 

Shogoin turnip „ - _ -- -- — - -- - - -- 100 

Cowhorn turnip__ _ -- 40 

Purple Top Milan turnip. _ - -- 0 

Jersey Queen cabbage- - -- - -100 

As already pointed out (18) it is essential in greenhouse tests with 
clubroot to keep the soil reaction fairly acid; tlie soil in tliese tests 
was maintained at j)H 6.0 to 6.5. 

The foregoing forms were selected from collections previously made 
by Walker (17, 18) as representing highly resistant (No. 10) and 

highly susceptible (No. 
14) strains of black mus¬ 
tard, and completely sus- 
ceyitible (Shogoin) and 
completely immune (Pur¬ 
ple Top Alilan) varieties 
of turnip. The Cowhoni 
variety of turni]) was se¬ 
lected because it consist¬ 
ently sliowed aj^ inter¬ 
mediate percent ag(» of 
infected plants and was 
undoubtedly lieterozy- 
gous for the respective 
characters wliich liad 
been completely or almost 
completely fixed in the 
other two varieties. 
Jersey Queen cabbage is 
re])resentati\e of another 
form, all varieties of 
wliich are very su'^cepti- 
ble to Plasininliojilmra 
brass icac. 

Heavily varnish(*d (b‘), 
8-incJi clay ])ots were 
e( 4 uipped with a modifi¬ 
cation of Thar]>'s auto¬ 
matic siphon ( 14 ) 1) 

which allowed the sand 
to become saturated 
about every 3ti hours 
under a supply system to 
be described later. These 
pots were filled to within 
one-half of an inch of the top with fine wliite silica sand whicli had 
been w^ashed several times in hot water and rinsed three or four times 
with distilled water. 

Nutrients were supplied by a modification of the continuous-fhw 
apparatus described by Allison and Sliive (1), From 10-gallon 
reservoirs solutions flowed by siphon and gravity througli 12-inm. 



Figure 1. —Siphon drain for sand-culture pots. 
Tlie bend in the 5-min.-borc glass tubing is 2}^ 
inches below the top of the pot. The 2-inch 
piece of 20-mm. glass tubing filled with glass 
wool serves to prevent sand from clogging the 
drain. 
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tubing to a 12-iuch length of 0.3-mni.-bore capillary tubing, which 
was found to deliver approximately 1 liter per day. One section of a 
Petri dish was embedded with open side downward at one-half of an 
inch below tiie surface of the sand in the pot to help distribute the 
nutrients. To prevent algal growth the reservoirs were covered and 
all glass which was exposed to the sunlight was painted black. Thirty 
inches above the bench a framework was constructed to support 
the capillaries. Compressed air was allowed to bubble through the 
solution in the supply vessels in order to aerate and stir the culture 
liquid. 

Modifications of HoaglamPs nutrient solution were used. In 
table J are given the respective amounts of chemicals (reagent grade) 
which were diluted with distilled water to make the different culture 
li([uids. Since infection by Plasmodiophora brassicae is favored by 
an acid medium, enough hydrochloric acid was added to keep the 
sand at about pH 6.5. The small amount of sodium chloride was 
included in each series in order to eliminate any possible differential 
effect from the presence or absence of sodium in the various culture 
solutions. 

Tabi.e 1. Conif)ositi(m of caliure bohttion^ med in the studu of the effict of host 
nut) ition on cluhroot development 


('oniposition Mild conj-cnlration (iiiolov fH»r IHer) 
of .stock holiiUon 


Caf\Oi).. nr.'O. 1 (I 
CiK’h ^»U20, 1.0 
K\0^ I (». . 

K('!, 1 0 - 
KILPO 4 , 1.0 , . - 
VaCl, 1 0. . 
Xa.NO,, 1 0. 
XalljPO^ lijO. 1 0 
TUoO, 10... 
MKf'bOlIaO, I 0. 
IH'l, 1 . . 

V Z J 


‘ .^mounts and brought to Is liters to make 
up the varioas .solutions 


C'om- 

piete 

- S 

+N 

->.X 


-K 

('c 

C’r 

Cc. 

Cc 

Cc 1 

Cc. 

9 0 

9 0 

9.0 . 

9.0 

9 0 

9 0 

9 (» 

'9 0 

9 0 


9 0 





9 1) 

0 


1 8 

1 K 

fh 1 

1 8 

1 s 


1 9 , 

1 0 

1 0 

1 0 

1 0 

1 0 



4 0 ■ 

2 0 


9.0 






1 8 

3 fi 


3 (> 

3 0 

3 0 

3.fi 


3 fi 





9 0: 

9 0 

,90 

90 

9 0 - 

9 0 

1 8 , 

I 8 

1 8 

1 8 

1.8 

1.8 


1 The .\.-Z .stock .solution w at composed of the following, made up to l,()(K)cc with distilled w ater- HBOj, 
2 sl« irrn., (’uCh 21J«0, 0.040 pm , ZnCl.*, 0 030 gm , MnCli 41120, 0 390 gm., and KcCli OlljO, o 000 gm. 


Tli(‘ proportion of the salts was so arranged as to secure: (1) fh® 
minus-t'lement stu-ies, syin])toms of deficiency not severe enough to 
cause dt‘ath of th(‘ plant; (2) in the coinphde series, moderately grow¬ 
ing plants; (3) in tlu' plus-element series, plants showing distinct 
vegetative stimulation from an (»xtra supply of nitrogen or potassium 
but no sign of excess symptoms. 

Seed was sown in each pot, and after approximately 2 w’eeks the 
setHlliiigs were ihiniu'd to about 25 plants per pot. To make the 
inoculum, cabbage clubs w (»re washed and run through a food chopper 
and, after distilled water was added to the macerate, the suspension was 
filtered through cheesi^cloth. The liquid wras then centrifuged and 
when the supernatant liquid had been decanteil, more distilled w^ater 
w as added to the rcisidue and the suspension shaken w^ell. The wash¬ 
ing process was repinited several times to remove all possible soluble 
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salts. The resultant gummy spore mass was diluted with enough 
water, adjusted to pH G.5 with hydrochloric acid, to provide 100 cc. 
for each pot. At the first true-leaf stage and 2 W(>ieks later the plants 
were inoculated with the spore suspension applied to the surface of 
the sand with a pipette. Plants were pulled and examined for club- 
root about 10 wetJvS after the seed was sown. 

Replicate pots were separated by pots of other forms and the 
arrangement changed each time tlie experiment was repeat-ed to 
eliminate variations arising from environmental differences. There 
seemed to be no appreciable (dfect from the different positions. All 
the nitrogem and potassium experiments were run simultaneously in 
the same greenhouse and one sulfur series was included with tliese 
groups; thus the different treatments may be compared to a certain 
extent. Other trials with sulfur had been made earlier. Tlie com¬ 
posited r(‘sults for each series represent the totals from two or mor(^ 
experiments unless otherwise designated. 

Since McMurtrey CO has described the symptoms on many plants 
resulting from nutrient deficiency, the a])pearancc of plants grown 
without sulfur, nitrogen, or potassium will not be described in great 
detail. 

EXPERIMENTAL RESULTS 

EFFECT OF SULFUR 

Symptoms of sulphur deficiimcy were quite sevc^re aft(*r 4 to 0 we(*ks. 
In mustard there was a pronounced ditfenuice in pungency Ix'tween 
the complete and the minus-sulfur-fed plants when the leaves were 
tasted. Chemical analysis ^ of one series of sulfur-deficient plants 
indicat( m 1 sulfur oils to be practically absent. The sulfur-ileli(‘ient 
plants were slightly less green in color and quite stunted. Sometimes 
a red pigment developed at the leaf margins and near the stem tip. 
On cabbage there was, in addition to tlie external symi)toms described 
for mustard, a slight yellowing at the leaf margins and a distinct 
mottle in the blade. Shogoin and Cowhorn turnips tend(ul to turn 
more yellow at the leaf margin and show less mottling, while l^urple 
Top ]\Iilan turnip was in an intermediate position with regard to 
sym])toms between Shogoin turnip and cabbage. 

When the plants were removed and examined for clubbnig, three 
fairly distinct types of diseased roots wen^ noticed. One was the 
normal, relatively smooth club which occurred most abundantly on 
the susceptible plants in sulfur-deficient nutrient (fig. 2). 

Another, found most frequently on resistant plants, was a small gall 
1 or 2 mm. in diameter appearing usually, })ut not always, at the base 
of a branch root (fig. 3). The third type of overgrowth, seemed to be 
composed of a great many enlarged galls. These were grouped in the 
same class as clubs. In some cases these enlargements, which were 
also more generally prevalent on the resistant strains, became so 
numerous that they coalesced to form a club very irregular in outline. 
Figure 4 illustrates this range of symptoms on Cowhoni tuniip, a 
variety intermediate in resistance to clubroot. 

In table 2 are the composite results of all the nutrition experiments. 
The total number of plants and the percentage without visible symp- 

♦ The author IS iudehled to Mark Stahrnann of the Department of niocheinistry, University of Wisconsin 
for making this analysis. 
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toms, with galls, and with clubs are presented. Sulfur deficiency 
brought about an increase in the percentage of clubbed plants in both 
susceptible and resistant ® strains, the greatest differences being in 
the resistant hosts. The number of plants witli galls in the resistant 
strains was augmented by the treatment, but, although this type of 
overgrowtJi was of rather rare occurrence in the susceptible group, it is 
to be noted that the trend was always in the direction of more galls 
in the complete solution. The point is significant, since these en- 



FifjrHE 2. Tho usual t\pc of club on plants grown in infested sand supplied 
^^lth artificial nutrient (Shoguin turnip). Scale is in niilliineters. 


largements were observed most commonly in resistant black mustard 
in the preliminary trials in soil cited above. 

At no time did any evidence of clubroot infection appear on the 
immune Jhirple Top Alilan tuniip. 

lii one case a few healthy-appearing mustard plants and some 
mustard plants with galls were thoroughly washed to remove adhering 
spores of Plasmodiophora hrasslcae. One lot each of healthy and 
gall-bearing mustard was replanted in sterile sand supplied with a 
full nutrient solution. A group of each was also set in sand furnished 


« Cnless «Jtheiwise dosiRnatod, the term “resistant’' has been used to indicate varieties in which only a 
few plants sho\^ mocroscopicallv visible disease s>nii)tJms Immune strains nre ones in which no plants 
hftve innn o!>t*oplr disease s> mptoms 
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witli a sulfur-deficient solution. After 1 month there was little 
change in root symptoms within the group in the complete nutrient 
solution. In the minus-sulfur set, however, some of tlie galls had 
developed into clubs and in one or two cases galls were found on 
plants which had previously apj)eared to be healthy. The formation 
of galls on apparently healthy plants and the development of galls 
into clubs on diseased plants during this period of deficient nutri¬ 
tion would seem to indicate that some plants in both groups had been 
infected previous to transplanting. After being transferred to new 
cidtiire conditions, the plants were evidently able to hold the fungus 
in abeyance when the nutrition was complete, but when sulfur was 



Fiuuue 3.— Tile “gall” t\pt* of cliibroot symptom on C’ovvhorn turnip and on 
strain No. 10 of black mustard (/?). Scale is in millimcttMs. 

absent, more pronounced root symptoms appeared as a ro<\\\i of 
further invasion by P. hrassicae. These ob-;ervations, although made 
on a small number of plants, seem to conform to those cited above 
in which the minus-sulfur nutrition tended to increase the ])(‘re(*ntage 
of clubs that were normal in size and shape. 

EFFECT OF NITKOCJEN 

Three to four weeks after the plants appeared above the surface 
of the sand, nitrogen-deficiency svmptoms became evident. In all 
varieties the cotyledons turned yellow^ more (luickly on the nitrogen- 
deficient plants than on those grown with complete nutrients, Tlie 
leaves w^ere smaller and more yellow in color and a red to purple 
pigment appeared on the stems usually 2 to 3 weeks before the plants 
were removed for examination. A heavier coating of bloom d(»vel- 
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oped on nitrogen-deficient cabbages than on the plants in the complete 
nutrient. 

In contrast to the sulfur-deficiency symptoms, the characteristic 
odor and taste of the sulfur oils in the nitrogen-deficient plants ap- 



FioritB: 4.— Hange of clubbing found on Cowhorn turnip when grown in infested 
sand sujiplied with artificial nutrients. Scale is in inilliinelers. 


pearcd to bo just as strong as in the plants in the complete solution. 
By this crude tost there also seemed to be slightly less mustard oil in 
the plus-nitrogen plants than in the check plants, but the oil was 
present in siifRcient quantity to make the pungent taste noticeable. 
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Table 2.-“ The effect of host nutrition on the development of cluhroot in certain forme 

of crucifers 


Variety 

Nutrient solution i 

Total 

plants 

Healthy 

Galls 3 

Clubs 



Number 

Percent 

Percent 

Percent 


(Complete.. 

330 

0,1 

1.2 

80.7 


-s .. ... 

130 

3.1 

.8 

00.1 

No. 14, black mustard_ . ... 

+N.- 

~N _ 

258 

243 

4.6 

1 2 

.4 

.0 

05.0 

08.8 


+K _ 

71 

5 f) 

.0 

04 4 


-K _ 

no 

69 3 

2.1 

28 0 


fComplete . ... 

333 

80.8 ' 

3.6 

6 6 


- wS ' 

21U 

74 0 

10.0 

15,1 

No. 10, black mustard.. 

+N _ 

-N_ 

236 

223 

78.4 

76.7 

9 3 
7.6 

12 3 
15 7 


+ K _ 

74 

80.2 

2.7 

8 1 


-K ... ! 

150 

93 7 

1 9 

4.4 


(C’omplete.. I 

314 

26.2 

2.3 

71,5 


-S_ 1 

158 

0.0 

1 3 

01 8 

Sbotroin turnip ... i' 

+N._ 

-N . .. 

102 

181 

' 10.4 

13.8 

2 1 
2.2 

87.5 
87 5 

1 

+K . . 

60 

14.5 

.0 

85 5 

I 

-K 

215 

82 3 

.0 

17.7 

i 

Complete. . . 

204 

(«. 7 

5 4 

30.0 

1 

-S » 

72 

30.6 

11. 1 

58 3 

1 

Cowhorn turmi) _ ... ... ... ' 

+N. - ---- 
-N --- - 

227 

224 

1 52.0 

51.3 

14 1 
4.5 

33 0 
44.2 


+ K3 

00 

81.1 

.0 

18 0 

1 

-K .. . . 

217 

06 3 

.5 

3 2 

[ 

Complete... . . 

125 

100 0 

.0 

.0 

1 

—s 

112 

100.0 

.0 

(1 

Purple Top Milan turnip . 

-fX . . . 

-N 

.34 

20 

100.0 
100 0 

0 

.0 ' 

0 

0 

I 

+ K — _ 

51 

100 0 1 

1 .0 ' 

.0 


-K . 1 

50 

100.0 1 

' 0 

0 


Complete . | 

328 i 

17.4 

1 2 

81 4 


-s. 

137 1 

8 0 ! 

.0 ' 

02 0 

Jersey Queen cabbape... ... . ’ 

-fN.! 

-N .. - 1 

103; 
207 1 

11 4 

1 7 7 . 

.5 , 
.0 

88 1 
02.3 


-bK . i 

62 1 

i 6 5 ' 

1 6 

01 0 


~K. _ 

100 

77 0 ' 

2 c! 

10 5 

Sect able 1. ^ 

See figure 3 

3 1 exiwnment only. 



The nitrogeii-deficieiit plants were innch smaller than the plants 
in any other series, yet chibs formed vijj^oronsly, most of the few 
branch roots which appeared as well as the' main tap root being 
entirely hypertrophied. Nitrogen starvation was very similar to 
sulfur deficiency in its effect on clubroot development (table 2). The 
symptoms were of the same type (figs. 2, 3, 4) and the percentage of 
plants with clubs was increased markedly as compared to those in 
die complete solution. Susceptible plants with galls were fewer in 
number than those grown with the complete solution; however, gall 
formation on resistant varieties was more erratic. In No. 10 black 
mustard there was a larger proportion of ])lants with galls and in 
Cowhorn turnip galls were fewer than when these two varieties were 
furnished the complete nutrient solution. No explanation of this 
observation seems forthcoming from the present data. 

The plus-nitrogen plants wore distinctly larger than those grown 
in the complete nutrient solution and were of a somewhat deeper 
green color. The clubs in this grouj) were also very large as compared 
to those produced in the minus-nitrogen and comi)lete-nutrient series. 
More nitrogen than that furnished in the complete solution aided 
clubroot development. The increase in clubbing of hi^h-nitrogen 
plants over those grown with complete nutrients was less in resistant 
than in the susceptible strains. Where there was increased sue- 
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culence and rate of growtli in tlie host, induced by an extra supply 
of nitrogen, a larger percentage of clubs developed than in the coin- 

E lete solution. The positive correlation of vigorous growth of the 
ost and rapid development of the parasite has been observed com- 
luonly with otlier diseases. With respect to the appearance of galls, 
high nitrogen tended to have the same influence as low sulfur. The 
proportion of plants with galls in susceptible forms was less than that 
in the complete solution, while the opposite was true for the resistant 
strains. 

As in the sulfur scries, Purple Top Milan turnip proved to be 
immuTU‘ regardless of the variation in nitrogen supply. 

EFFECT OF POTASSIUM 

The first symptom of potassium starvation appeared as a definite 
yellowing of the foliage 5 to 7 weeks after the cotyledons broke 
through the sand. The ])lants were somewhat smaller than those 
grown with complete nutrients but the reduction in size was not 
nearly as great as that caused by deficiencies of the other two elements. 
In 6 to 8 weeks severe necrosis appeared on these lower leaves both at 
the margin and in sjiots on the blade. These lower leaves later became 
dry but did not drop, and gradually the necrosis appeared on leaves 
higher on the stem. No difterence in mustard-oil content could be 
detected between the plants at any of the potassium levels. 

The same types of clubroot symptoms appeared on these plants 
as on those grown in the other nutrients already described. The 
largest change in amount of infection was brought about by potassium 
deliciency (table 2). The reduction in disease develojiment as a 
result of this deficiency was approximately GO percent in the sus- 
cejitible varieties when compared with the percentage of infection of 
theses same varieties funiished a complete supply of nutrients. The 
amount of reduction seemed to depend on the degree of resistance of 
the strains used, the greater efiect being with the susceptible lines. 
With No. 10 black mustard where complete-nutrient plants developed 
(*).G percent clubs, the percentage was reduced by only 2.2 percent; 
while with C\)whom turnip, which was 30.9 percent clubbed in the 
complete solution, the i>ercentage was reduced by 27.7 percent. The 
appearance of galls on the susceptible varieties showed no constant 
variation, but on tin* resistant strains the percentage of plants wdth 
galls tended to deiTcase with an insufficiency of potassium. 

In the plus-potassium series the plants were somewhat larger than 
those grown in the complete solution and slightly smaller than those 
in the plus-nitrogen series. Witli all the varieties except Cowhoni 
the proportion of plants with clubs was augmented and on all varieties 
the api>earance of galls was decreased as compared with plants in the 
complete solution. 

It should be pointed out that no clubroot symptoms were found on 
Purple Top Milan turnip in the potassium series. 

DISCUSSION 

Although it has be(‘n reported difficult to secure clubroot on plants 
in sand culture (J) with the methods reported hiTcin, crucifers in arti¬ 
ficial nutrient solution were almost as severely attacked as were those 
grown in lieavily inf('sted soil. With some forms the percentage of 
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infection was liio:h(4- and with others lower than when plants of the 
same variety were grown in infested soil. No explanation for this 
situation seems adequate at the present time. 

(.Corroborating the work of (lassner and llassebrauk (3), th(‘ results 
of these tests indicated that varying nutrition had the most pro¬ 
nounced eff(H't on disease developimait in hosts which were to a certain 
degree susct‘ptible, but did not influence r(‘sistance in plants such as 
Purple Top Milan, a variety of turnip immune to Wisconsin collec¬ 
tions of the pathogen. Resistance does not scuan to be correlated with 
vegetative vigor. Tht‘re was a wide diffcTcnce in the ptTccaitage of 
clubs in the N-, S-, and K-deficient seri(‘s even though all of the plants 
showed reduced vigor. These observations are similar to those made 
on other diseases (/,^, 15). In contrast to these otlier cases, however, 
it was noticed that the enhanced growth which resulted from an extra 
sup])ly of nitrogen or potassium also ])romot<al th(‘ developnuait of 
clubs, although not as pronouncedly as did the d(‘ficiencv in sulfur or 
nitrogen. 

Siiu*e Plasmodiophora brassicae has not bc'en grown in pure cidture it 
is not eas}" to det(Tmine whether the el(‘in(‘nts used alfc^ct the i)arasit(^ 
directly. Sulfur and nitrogen at least do not scm'iu to l)e n(‘(‘(Nsarv in 
abundance for the parasite to act as a virulent pathogjMi, whih^ th(‘ 
absence of potassium eith(‘r decrease's pe'iu'tration or affects th(‘ host 
in such a way as to be unfavorable to P. brossicae. In relation to this 
latter element, it is of interest to note th(‘ analysis of clubbed and 
healthy cabbage roots made by Reeal ((S'). H(' found that although tlu' 

ash constituents were present in appn'ciably greater* amounts in 
diseased than in healthy tissue, (he greate'st increase of any singl(‘ 
elenu'iit was in the cas(' of potassium. In view of this analysis and 
th(‘ fact that potassium deficiency markcally decnarscal th(' numlx'r of 
clubs, it may be that the element is nec(*ssary for tlu* growth pj()C(*sses 
of th(' parasite as well as those* of the host. 

Since decreasing the amount of nitrogen without apy)reciably low(‘r- 
ing the mustard-oil cont(*nt incr(‘as(‘d clubroot inf(*ction to about the 
same' degree* as (*liniinating sulfur in the culture solution, sulfur oils 
do not appear to be necessary to the host in pn*venting or retarding 
development of Plasmodiophora brassicae. Fpon the* basis of the elata 
obtaine*el in the pre*sent inve*stigatie)n it is not pe)ssible* to say why pro- 
nounc(‘el nitroge'ii anel potassium ele*ficie*ncv she^uM ne)t greatly lowe*r 
the amount of sulfur oil. 

Plasmodiophora brassicae subsists in living host ce‘lls e*ithe'r elire*ctly 
upon the* host protoplasm or upon proelucls produce*el e)r absorbeel l)y 
the he)st cell. In e*ithe»r case its (*xistence in the* ve*getalive stage* is 
eh*pe*ndent upon the* living plant. As a re*sult any imirke*el disturbance* 
e)f host metabolism by mine*ral deficiency might affect the* re*lation- 
ship with the* parasite in such a way as to incre*ase the* compe*iition 
for e*laborate'd food anel perhaps for the* mine*ral nutriemts. Sulfur, 
nitroge*n, and peitassium be»ing esse*ntial (*l(*me'nts, are* ne*ce*ssary not 
only because they are constituents of certain indispensable* coinpemnds, 
but also be*cause* the*y influ(*nce the formation of requisite substance's 
in which they are not pre'sent * notably the carbohydrate's. Thus 
decreased resistance may be* due* to the absence of certain compounds, 
to the accumulation of othe*rs, or to metabolic processe*s which are as 
yet unknown. Immunity such as that occurring in Purple Top 
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Milan turnip must be ov('n more closely related to th(» host proto¬ 
plasm since drastic changes in host metabolism did not alter the ability 
of the plant to prevc^nt clubroot development in its tissue. 

SUMMARY 

Methods have been reported whereby clubroot infection was 
seeurtnl in sand culture. Th(‘ percentage of diseased plants was 
comparable to that obtained in infested, acid soil. Upon the basis 
of symptoms, plants were grouped into thre(‘ classes: (1) Those with 
no symptoms, (2) those with clubs, (8) those with galls. The clubs 
W(Te of the usual typi‘ immtioned by other workers. The galls were 
small s})herical overgrowths, 1 or 2 mm. in diameter, appearing 
usually, but not always, at the base of a branch root and being more 
])r('valent on the rc'sistant vari<‘ties. 

Th(‘ (‘irect of sulfur, nitrogen, and potassium nutrition on the 
d(‘velopment of clubroot in susceptibh*, resistant, and immune strains 
of crucifers was sludi(‘d. The proportion of nutrients in the different 
expiuiimuits was adjusted so as to produce: (1) Plants showing 
deficii*ncy symptoms, (2) plants growing moderately, and (3) plants 
having ])ronounced veg(‘tative vigor resulting from an extra supply 
of nitrogen and })otassium. 

Tin* perc(‘nlag(* of susceptible plants having clubs was in general 
incn‘as(Ml slightly over that in the comph‘t<‘ solution by an abundance 
of potassium, more by an abundance of nitrogen, and most by the 
al)st'nce of sulfur or nitrogen. The percentam* was (h‘crease(l mark¬ 
edly in plants deficiiuit in potassium. A smaller proportion of plants 
of susceptibh* strains developcal galls when grown in nutrient solutions 
in which sulfur or nilrogt'n was withheld than w'as the case wuth 
r(‘sistant. strains. 

Tlu‘ perc(‘ntage of resistant plants having clubs w as increased some¬ 
what by high nitrogen, hni it was greatest in the cases of sulfur or 
niti()g(Mi (lefici(‘ncy. With an extra amount of potassium the results 
wen* inconclusive. The proportion of plants w ith clubs was decreased 
(lefmit(*ly l)y lack of f)otassium. The formation of galls w^as usually 
increased by th(‘ absence of sulfur or l)y high nitrogen and w’as gener¬ 
ally decnaised by high or low’ potassium, but the effect of the other 
nutrition series on tlu' presence of these overgrow’ths was not con- 
cliisivt‘. 

No signs of clubroot appeared regardh'ss of the variation in nutrient 
supply on the immune variety of turnip, Purple Top Milan. 

D(*fici(‘ncy of sulfur lowered the sulfur-oil contcuit greatly in the 
cnicihu* varieti(‘s while nitrogen starvation did not. On a given 
variety, the number of plants with clubs was increased to approxi- 
inatidy the same extent by the absence of (dther of the-^e elements. 
From these observations it would appear that the sulfur oils are not 
essential in enabling the host to prevent or retard clubroot develop- 
nieiit in its tissues. 
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EFFECT OF CORN, WHEAT, AND BARlSiP.m.TB&’OifiT 
ON THE PHYSICAL AND CHEMICAL COMPOSITION OF 
FRYERS AND ROASTERS ‘ 


By W. K. PoLBY, head, I)i/mrtnient of Poultry Husbandry, A. L. Moxon, acting 
chenuf^tf and W. O. Wil.son, assistant poultry husbandman^ ^oulh Dakota Agri¬ 
cultural Experiment Statiorif and 1{. L. Doleiek, assistant professor of physics^ 
South Dakota State Collcgr of ^Agriculture and Mechanic Aits 

INTRODUCTION 

While much has hecui learned from studies of the effects of grains on 
growth an<l (^gg production in poultry, somewhat less is known of the 
(‘fleets of grains upon the physical and chemical composition of the 
meat produced. In 193(), the writers began a series of experiments 
which involved a comprehensive study of the effects of simple rations 
composed principally of corn, wheat, or barlev upon the physical and 
ch(‘mical composition of fryc'rs and roasters. I'he tests were madewitli 
live general objectives in mind, namely, to determine: (1) The rate 
of gain in body w(‘ight of birds on different feeds and tin* amount of 
feed r(‘quir(‘d to produce a unit of gain; (2) th(‘ association of body 
weight and observed grade with certain external m(*asurements of the 
dress(‘d carcass; (11) the relationship of thes(‘ body measurements to 
the total amount of (‘dible nu'at; (4) th(‘ effect of the different cereals 
upon (he quantity of lisrht mea^ dark meal, skin and subcutaneous fat, 
and alxiominal fat; and (5) the effects of the cereals upon the deposi¬ 
tion of fat in these different classes of edible meat as an indication of 
edible qualitv. 

REVIEW OF LITERATURE 


Cruickshank (tf) “ rc'ported that the fat from birds f(*d barley was 
firiiK'r than that from birds f(‘d corn; however, the fat of the corn-fed 
birds was not obj(‘ctionally soft. It was also notcnl by Gutteridge (4) 
that th(* feeding of White I.#('ghorn capons in pens was relatively 
ii^'tlicienl as compared to the feeding in fattening crates. 

With r<‘f(‘r(Uice to tlu* efb'ct of environment on fattening poultry, 
MacDonald and McMurray {IS) staled that during the summer 
months trough-fed range' birds made as good gains as trough-fed birds 
kept in a fattening shed. With roasters, it was found by Harshaw (»5) 
that the percentage of protein and ash was significantly higher in the 
leg rnusch' of range birds, and that the protein content of the breast 
muscle was also higlu'r. The pcTcentage of fat in the edible portions 
was generally higher in the range-reared than in the confined birds, 
but the diffc'rences were not statistically significant. 

llarshaw (6*) r(*port(‘d that the absolute gain in live weight during 
fattening increased with age, but the relative gain decreased. The 
ratio of the h'g muscle to dressed weight increased with age, but the 
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ratio of the bivast inusclo to dressod weight remained practically the 
same. The ratio of the remaining edible portion to dressed weight 
depended largely on the extent of fattening. In younger birds the 
moisture increased more than the fat during fattening, but in older 
birds the reverse was tnu^ The percentage of breast muscle and leg 
muscl(‘ (h'cieased with fatt(*ning, while the percentage of the r(‘maining 
edible portion increased. The fat increasc'd in all edible* portions 
during fattening, but tin* greatest quantity of new fat was laid down 
in the ^‘remaining” edible portion (comprising all the edible portions 
except th(‘ br(*ast and hg muscle). Fattening r(*sult.(‘d in a decrease 
in the percenta‘^(‘ of protein, ash, and water in the remaining edible* 
portion and the leg muscle, but not in the* breast muscle. 

Harshaw {5) found that the percentagesofbr(*ast muscle, leg muscle*, 
and the* total edible portion W(*re significantly higher for range-r<*ared 
birds than for confine*d birds. The percentage of fat was higher in all 
the e*elible portions of the* fatt(*ned birels as compareel with that in the 
unfatte*iu‘el birds. The fatte*ned birds had an av^erage of 85 pe'rcent 
more fat in the breast muscle, 43 pencemt in the leg muscle, anel 57 
])e*rcent. in the r(*maining eelible portion as compareel with the un- 
fattenenl birels. There was usuallv a lower percentage* of prote‘in, ash, 
anel water in the eelible jieirtions of the fatteneel birels, althemgh there 
was actually an incre*ase* in the total amounts of protein, ash, and 
water. The leg muscle ceintaine'el a larger proportion of wate'i* than 
the* e)the*r eelible portions. 

In a stuely liy Maw et al. {18) of BarreMi Plymouth Rock re)aste‘rs, it 
was founel that the fat in the* e*elible me*at of corn-, wheat-, oat-, anel 
barle*y-fe*d birds amounte*el to 8.95, (>.99, 4.81, anel 3.43 pe*rcent, 
respe'ctivedy. It was furtlie*!* found by Maw anel Maw (21) that ce>rn 
meal cause*el a high pe*rcentage* of the total boely fat to be deposite‘el 
in the flesh and much less to be deposite*eI in the abelorninal cavity anel 
the skin of the hire!; where*as the* cereals barle*y, e)ats, anel wheat she)we*el 
the* reverse in varying de*gre*e*s. On the e)ther hanel, Outterielge* (J^) 
reported a significant (*,orre*lation betwe*en the* |)e*re*e*ntage of fat in the* 
skin anel subcutane'ous tisseie anel that in the* abele)me*n, indicating that 
fat was elistributeel in a elefinite anel similar ratio in the* depe)t areas, 
regarelh'ss of the feed given. Oarnpton (2) has pre*sente*el a gooel 
re*view of the comparative fe'oding value's of the ce*reals. 

More re'cently, lilaw (17) noteel that single* ce*real grains gave* as gooel 
re'sults as combinations of cereals. Corn was supe*rie)r to whe*at, oats, 
anel barle'v in proelucing eelible me*at anel fat aswe*ll as skin anel abelom- 
inal fatiy tissue*. In this work {17) the characte*r e)f be)ely fat was also 
studie*d as to ie)eline number and color. 

Maw et al. {22) repe)rted that mature roasters feel corn hael the 
largest amount of total fat, those fed wheat the next largest, anel 
those feel barley anel oats had least. The length of the fattening 
period affecteel the interpretation e)f the values e)f these cereals. 
Ce)rn tendeel to proeluce more fat in the flesh and less fat in the skin 
anel abdominal regions, whereas wheat produceel more skin and 
abdominal fats anel less flesh fats. In another report, Maw and 
Maw (-^7) stated that the rations fed had no significant effect upon 
the distribution of fat in the edible portion of Leghorn broilers. 

Physical and chemical studies were made by Harshaw (7) on five 
lots of 12-week-olel cockerels. One lot was fed a e‘ommonly used 
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control all-mash ration and the other four were fed rations composed 
each of corn, wheat, oats, or barley as the only cereal grain with pro¬ 
tein, vitamin, and mineral supplements. As compared with the con¬ 
trol, the oat- and barley-fed lots had about the same proportion of leg 
and breast muscle; the wheat- and corn-fed lots had considerably 
less. The percentage of the remaining edible portion was approxi¬ 
mately the same for all five lots. Considering the percentage of total 
edible portion, the order of the five lots was as follows: Control birds, 
oat-, barley-, wheat,- and corn-fed. The corn-fed birds were the 
highest in fat content of edible portions, followed in order by those 
fed the wheat, control, barley, and oat diets. No difference in the 
distribution of fat between the edible portions was noted in the birds 
on the different diets. 

A method has been reported by Lloyd {12) for estimating the 
amount of breast fleshing according to which classifications are made 
of the so-called U, V, and 1 breasts. The method would serve as a 
guide in selecting breeding stock for egg production. 

Body incasiirements have been taken by several investigators. 
Jaap and Penquite {tO) noted that differences in body conformation 
of live and dressed birds may be accurately expressed by comparing 
body weigiit, shank length, keel length, and minimum anterior body 
depth. Tiiey found that a satisfactory point for measuring breast 
width is about 1)2 inches from the anterior end of the keel on a line 
toward the insertion of the femurs. Jaap {9) also reported breed 
differences in body conformation as compared with shank length. 
For example, (Punish aud Game breeds attain a broad, plump breast 
at an early age, whereas American and English class breeds reacdi 
their best market shape at maturity. Brahmas and Giants belong 
to a grou]) that is thin and angular during growth and only at maturity 
attains superior body shape. l..erner (//) concluded that shank 
length measured on live birds forms a valid criterion in studies on 
inherited size differences in fowls. Lloyd { 12 ) reported no correla¬ 
tion between meat type and egg production. Market type, however, 
was judged without the aid of definite body measurements. Maw 
(IS) and Maw and Maw {I 4 , 20) have reported on body measure¬ 
ments; th(‘y (/J) found that corn‘lations existed between fattening 
gains and certain body im^asurements, which includ(‘d body huigth, 
j(‘g length, and circumf(*r(*nc<‘ of libial muscles. 

EXPERIMENTAL METHODS 

PROCEDUHE IN 1936 

The first experiment was started in the spring of 1930 with White 
Plymouth Rock cockerels, which were studied as roasters. During 
the first 8 weeks the ( hicks were kept in electrically heated starting 
batteries. The all-mash starting rations used incduded 46 pounds of 
a basal mixture made up of 10 percent of meat and bone scraps used 
for the first 4 weeks; 15 percent of meat scraps from the fourth to 
the eighth week; 10 percent of dried buttermilk the first 4 weeks and 
5 percent of dried milk from the fourth to the eighth week; pulver¬ 
ized oats 20 percent, alfalfa leaf meal 5 percent, and cod-liver oil 1 
percent. To this mixture was added 54 pounds of either ground 
yellow (*orn, wheat, or barley. Ninety day-old ('hicks of both sexes 
were started on each of these rations, but only the male survivors 
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were continued on tlie growing rations. Eacli of the three groups 
received the same principal grain that it had received during the 
starting period. Tliese rations were given throughout the entire 
growing period (8 to 31 weeks). No finishing rations were tested in 
1936. The cockerels were kept in colony brooder houses with access 
to millet and ra])e range. 

On November 10 , at 31 weeks of age, the 10 cockerels whose weights 
were nearest the mean weight for each group were selected and dressed 
(semiscald method) after having been starved for 24 hours. They 
were then chilled at 36° F., weighed, graded, and the body measure¬ 
ments taken. Then they were dissected and the different classes of 
edible meat separated for chemical analysis. Only one-half of the 
carcass was used for this analysis. 

PROCEDURE IN 1937 

Barred Plymouth Rocks were used in the second experiment, 
which was started on May 5, 1937. About 70 cockerels 8)2 weeks 
of age and of practically equal average weight were placed in each of 
three colony brooder houses. They were given growing rations 
similar to those used in 1936 and had access to millet and rape green 
range. 

Finishing rations for fryei*s and roasters were studied both in 
batteries and on tlie range. With fryei*s, the 3-week finishing period 
began when the birds wore 14 weeks of age and ended at 17 weeks; 
with roasters, the finishing period began at 24’^ weeks and ended at 
26!2 weeks. With both fryei*s and roasters, only those 17 birds from 
each lot whose weights were nearest the average for the lot were 
selected for battery and range studies of iinisliing rations. The 
standard error for body weight was thus reduced. Although the 
number of individuals studied was also reduced it is believed that 
these birds were representative of the lots from which they were 
taken. 

At the (*nd of th<‘ 2 - or 3-weck finishing period, 10 birds whose 
average weights were nearest the average* for the* lot W(*re s(*lected 
from each 17-bird group finished on the range and in the* batte*ry. 
These* birds were elre*ssed, grade*d, be)ely m(*asure*me*nts were* tak<*n, 
and each carcass was cut in half. One half was use*d for che*inical 
analysc*s anel the other half for flavor stuelie*s (2S). The me*thods e)f 
analysis were the* same* as theise e'mploye*el in the 1936 e*xperime*nts. 

DETERMINING DRESSED GRADES 

Grade\s were eletermine*d by placing all the carcassc's from all tlie 
diffeu'ent lots toge*the?r and aligning the*m according to the orde'r of 
breast fleshing. On the basis of breast fleshing, it was theai estimated 
that the best 25 pe*rcent of all the dr(‘sse'd carcasses woulel graele U. S. 
Special, the n(*xt 25 percent U. S. Prime, the third 25 percent U. S. 
Choice, and the last 25 percent U. S. Commercial. In order to deter¬ 
mine the average grade of each group, numerical values of 1 , 2 , 3 , and 
4 were given to each U. S. grade. Tin* band numb(*rs of all birds in 
the diff(*rent grade classifications were then det(‘rmined and grouped 
according to the rations used and the average numerical grade values 
calculated. By this m<*thod, the grader did not know what rations 
the birds had received until after the grades for all the birds had been 
determined. 
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BODY MEASUREMENTS AND GRADES 

The present methods of determining the U. S. grade of live or dressed 
poultry ar(^ based upon the observations and opinions of the official 
grader, and often then' is much difference of opinion among graders 
as to how a bird should be classified. This fact has decided economic 
importance' sinc<^ lower grades are penalized considerably on the mar¬ 
ket. 

Since the amount of flesh and subcutaneous fat on the carcass has 
an important influence upon the observed grade, several body measure¬ 
ments were taken with a view to selecting those measurements that 
are most closely associated with the actual amounts of edible flesh 
and fat present. 

Figure 1, A, shows the breast width measurement which was taken 
five-eighths inch back from the anterior tip of the sternum. A second 




FiaiTKE 1.—yl, Broa^f-width luoasureineiit taken five-eighths of an inch from the 
anterior tip of tiie >ternuin with a vernier caliper and shoulder width taken at the 
widest point with an indicating caliper; /i, anterior-posterior tibia measurement. 


measurement was taken 8 inches back from the anterior tip of the 
sk'rnurn. Both of tlu'sc UK'asurenients, taken with a vernier caliper, 
give an indication of the breast angle and the amount of flesh at the 
edg(' of the sternum. Figure 1, A, also shows the location of the 
shoulder width measurement taken at the widest point. A third 
measurement (fig. 2, A) was taken with an indicating caliper *3 inches 
back from the anterior tip of the sternum and inches from the 
edge at the anterior end of the lateral feather tract. The breast 
length was simply a measun'inent of the length of the sternum from 
anterior to posterior tips. Figure 2, B, shows the method of deter¬ 
mining the hip width at the widest part of the ilium. The femur and 
tibia measun'inents w(‘re taken to represent the length of these two 
bones at the joints when the tibia and femur were held at right angles. 
Figure 1, J5, shows the method of taking anterior-posterior tibia meas¬ 
urements at the widest point by holding the metatarsus at a right 
angle to the tibia. By holding the instrument at right angles to the 
position of this anterior-posterior measurement, the distance across 
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the tibia flesh was determined at tlu* thickest point. No femur or 
tibia measurements were taken for either the roasters reared in 1936 
or the fryers in 1937. 

INDEX VALUE 

Width of breast % of an inch and 3 inches from the anterior tip of 
tlie sternum were the two miuisurc'im^nts of greatest value in deter¬ 
mining the amount of flesh pn^sent. By considering also the length 



FiaiTRE 2.— A, Rroa.'^t width inoa'^uremcnt taken with an indicating caliper .'1 
inches from the anterior tip of ttie sternum and IH inches from the ed^i;e ot the 
anterior end of the lateral leather tract; H, mea^ureiiumt of the hip width taken 
with a vernier caliper. 

of breast and combining the thre(‘ measureimuits, an index value was 
found for eacli bird according to the equation 

/-/ + 

where 

/= index value. 

/—breast length. 

..l-~wi<lth of breast of an inch from tip. 

//—width of brc'ast 3 inches from tip. 

Th(‘se ineasureimMits are most suitable* for roast(*rs. The* ind(*x num¬ 
ber obtain(‘d by the* foregoing equation places most value* on breast 
measurements and has the aelvantage of permitting statistical tre*at- 
ment. 

SEPARATION OF EDIBLE MEATS 

The neck was removed and each carcass was cut longituelinally 
through the spinal column and bre*astbone*, so that the're* was about 
the same amount of edible meat on each half of the* carcass. All 
the edible me*ats were quickly irmoved from one-half of each carcavSS, 
then weighed and classified as to (1) light meat, including the breast ami 
wing muscles; (2) dark meat, including the* mus(*les over the femur, 
tibia, and ilium; skin and subcutane'ous fat, including the fat which 
adhe'red to tlie skin as the skin was pulled from the muscles; and (4) 
abdominal fatty tissue, which included all fat deposited in the abdomi- 
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nal cavity. This did not include the fat adhering to the digestive 
tract. Each of the four samples from each carcass was placed in an 
airtight sample botth* and stored in a refrigerator at about 35° F. 
for chemical analysis. 


CHEMICAL ANALYSIS OF MEAT 

At the time of analysis, the sample's we're grounel and thoroughly 
mixed by running tliem thre)ugh a small meat grinder 10 time's. 
Moisture and fat de'terminations were both made' on the same sample. 
The sample's were intre>duce'<l (about 3 gm.) into weighe'd 18-gm. 
8-pt're*e‘nt butte'rfal test bottle's by a spe'cially maele heavy me'tal 
syringe which force'el the meat e)ut in a filament about 2 mm. in 
diame'ter. The' bottle's were rotate'el rapidly as the samples were 
introeluceel, thus ele»pe)siting the filame'iit of me'at around the outer 
e*elge'S of the* bottle's and e'xposing a large* surface few rapiel loss of mois¬ 
ture. The bottle's we're place'el in a vacuum e)ven at 28° C. for 36 
he)urs at a pre'ssure* e)f not ove*r 2 mm. of mercury. IJnde'r these condi¬ 
tions, ve'iy little* eliffie ulty was e*xp(*rience'd with volatilization of fat. 

The fat was ele'te'rmineel volumetrie*ally on the* elrieel samples in the 
l)Utt('rfat te'st bottle's by a techniejue devedopeel to e'liminate the e'lrors 
elue to the* volatility of the* chicken fat. Alh'n (1) has re'cently pub- 
lishe'el a vedumetrie* in('the)el for the dete'rmination of bloe)el fat, Te'n 
e'ubic ce*ntiine*ters of 10-pe*re*ent ammonium hydroxide was adde*d to 
soften the elrieel filame'nts of me'at, anel lOcc. of TiO-pe're'e'nt sulfuric acid 
was lh(*n introeluceel to dige'st the proteins. Warm water was aeldeel 
anel the be)ttl('s we're e*e'nlrifuge*el until a clear se'paratie)n of the fat 
was e)btaine*d in the ne‘e*k of the te*st bottle's. Keaelings weue maele 
at 98° C. anel ce)rre'cte*el for the spe'cific gravity of the fat at that 
tempe'rature. 

STATISTICAL ANALYSIS OF DATA 

The elata have* b(*e'n lre*ate'el statistically by the analysis of variance 
metheid as dise*usse'el by Sne'de'ceir {^4). fn analyzing the variance in 
table's with elisjwopewtionate* subclasse's, the ine*thoel of e'xpecte'd sub- 
e‘lass numbe'rs has be‘e*n use'el. In all e*aleulations it was assumed that 
the' elata re't)re*sente*el a raiieleim sampling of a normal distribution. 

Standarel errors of all epiantitie's we're* eletewmined, anel signifie*ant 
di(l‘e*re*nce*s between means eif ejuantities were elete'rmined for the proba¬ 
bility of 19 to 1, and feir highly significant dillerence's few the 
probability e)f 99 te) 1. In e'ach table*, all elitterences between means 
have lice'll te'steel for signilicance. Difi‘e*re*nces which are not significant 
(oelels le'ss than 19 to 1) have imt been indicateel in the tables. The 
wewds “slightly” anel “some'what” are frcfjue'ntly used in the te*xt to 
elenote a trenel (exlels 19 to U, but in no case have definite conclusions 
l)ee*n base*el upem trenels. The wewel “appre'ciable” as used in this 
re'port is syneinyinous with “highly signifie*ant.” 

Tests for significant eliffewe'nci's in most cases were made by the 
usual t te'st (Sneelecor,;?,{), in which the standarel e'rror of the difference 
was take'll to be eepial to the* square root of the sum of squares of the 
standard errors of the means. In several border-line cases (perhaps 
due to mu'qual frequene'ies, but more often to rounded-off numbers) 
significant differences might have been expected where none are 
shown. This was due to the fact that the more exact statistical treat¬ 
ment sometimes eliminates the border-line individuals. 
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EXPERIMENTAL RESULTS 


Tlic (lata pr("sont(Hi in tabl(‘ 1 show th(' growth of thf' bircls, the 
rations f('d, and the fo('d consumcHl in the expf'riments eon(]ueted in 
1936 and 1937. Jt is apparent from tabic* 1 that the eoekerels that 
leceived the barley ration did not gain as mueh in weight as those that 
re<‘eiv(Hl tin* wlu'at or eorn in 1936, and there wc're no highly significant 
differences between the gains in body weight on any of the three grains 
in 1937. With n^spc'ct to the amount of feed n^quired to produce 
a unit of gain in body weight for roasters, corn was only slightly 
superior to wh(*at, while* considerably more of the* barl(*y ration was 
required. This agre(*s with the report of Maw and Maw (21), who 
found the gain-feed ratio in favor of corn, followed in order liy wheat 
and barley. For the fryers pioduced, wheat appeared most (*fficient, 
barley less so, and corn least. 


Table 1. —Average weights during growing period as related to feed consumption, 
and relative values of corn, wheat, and barley rations when fed to range-reared 
White Plymouth Hock roasters in 1936 and to Barred Plymouth Hock fryers and 
roasters in 1937 
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1 

69 1 

14 

n,135 6 i 

' 586 1 

6 08 

Wheat _ 

70 

8k’ 

5.54 3 ! 

70 

14 

i,*227 0 ! 

672 7 1 

5 07 

Barley. .... 

72 

J 

5.513 3 i 

1 

68 1 

1 

U 

1, 161 4 j 

608 1 j 

5 ,5(» 


BARRED PLYMOT’TII ROCK ROASTERS, 1937 « 


Corn . ... 


44 

16k! 

1,.568 6 

1 

1 ^2 

24 k' 

2. 252 2 

1 

P»82 4 i 

i 

7 17 

Wh(‘at - - 


45 


1,636 0 

I 44 

24h\ 

2. 290 8 1 

648 9 I 

7 39 

Barley .. 


46 

iiiK> 

1,594 9 

46 

24 k| 

1 

2 239. 7 j 

644 8 j 

8 91 


7. Hh 32 5 1 72 3 

7 52 ! 32 7 1 72 4 

7 45 31 5 I 71 9 

1 i 


I I 

10 77 I .58 4 82 9 
10 56 : 73 2 ' 89 0 
12 65 I 60 1 I 83.6 


* 64 percent of Krain ^^as added to the followini; basal mixture Pulverized oals 20 percent, rni'at and bone 
scraps 10, dried buttermilk 5, and salt 1 iH*rwnt 'Phe sixme principal whole pram used in the ninsli w as also 
given to each lot ad libitum as their sole grain 

2 Gains were calculated by subtracting the initial weights of survivors from their final weight'^ In the 
eorn group, for example, the average initial weight of the survivors w as 430 9 gm Initial weights given include 
tin* average weights of all cockerels started on the exiH'riment 

3 Highly significant greater response to wheat and barley than to eorn. 

* Significantly greater response to wheat than to barley. 

* Highly significant greater response to wheat than to barley 

® 59 percent of grain w as added to the following basal mixture* Pulverizerl oats 20, meat and bone .scraps 10. 
alfalfa-leaf meal 5, dried buttermilk 5, and .salt I i>er(H»nt 1'he same principal whoh* grain u.sed in the mash 
was also given to each lot ad libitum as their sole grain. 

^ Significantly greater response to wheat than to corn. 


Th(^p(*rcontagcof grain of th(* total feed (*onsum(*d varied considerably 
with the roasters. This was dm* to the fact that both the growing 
ration of mash and the grain w(*re fed ad libitum in hoppers and th(*re 
was a tendency for the cockerels receiving either wheat or barh'y to 
consume more of these grains in proportion to mash than those re(*(*iving 
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corn. Consequently, a somewhat larger percentage of the total ration 
ingested consisted of wheat, followed in order by barley and corn. 
There wen* practically no differences between the fryer groups, as 
will be noted in the last two columns of table 1. 

During the finishing period studied in the 1937 experiments, an all- 
mash ration was used. Consequently, the percentage of cereal grain 
in the total ration consumed remained constant at 62 percent. 

Table 2. Average weights of birds during finishing period as related to feed con- 
sumption^ and relative value of corn^ wheats and barley when fryers and roasters 
were range- and battery-fed in 1937 * 


RANGE-FED FRYERS 



Binls 

finish¬ 

ing 

test 


Average 

Birds 
at end 

Age of 
birds 
at end of 
finish¬ 
ing 

iwriod 

Average 

weight 

Gain 

Feed pier 

Feed 

con- 

Ration 

Age 

initial 

of fin- 

at end of 

in 

unit of 

sumed 


weight 

ishing 

pt‘riod 

finishing 
lieriod * 

weight » 

gain 

tier 

bird 


Nu mber 

WkK 

Ora mg 

Numtter 

Weeks 

Oramg 

Oramg 

Oramg 

Pounds 

C'orn 

16 

14 

1,1.56 7 

15 

17 

* 1,685 5 

♦ 519. 5 

3 87 

4.43 

Wheat 

16 

14 

U,219 0 

16 

17 

« 1,682 0 

•46.3.0 

4 20 I 

4.29 

Barl<‘y 

17 

14 

1 

1.175 1 


17 

1,547 1 

372 0 

5,46 

4 48 




BATTERY-FED 

FRYER.S 




Corn 1 

IT ! 

1 1 

14 ' 

1, 149 6 

17 

.7 

1,571 8 

. 

422 1 1 

3 70 

3 44 

Wheat i 

16 i 

14 

» 1,217.3 

16 

17 

1.6U4 5 

1 ;«7 2 1 

4 31 1 

i 3 68 

Barlt‘y i 

17 ; 

H ; 

1,173 6 

■- 

'■ 

1.633 2 

1 '459 6 

4 18 j 

4.24 


RANGE- 

AM) BATTERY- 

FED 

FRYERS ('OMBINED 



(’ttrn 

1 

! 33 

j 1 

! 14 1, 15:1 1 


32 I 

1 

17 1 1,625 1 

*467 8 



W l«‘at 

32 

14 G.218 2 


32 

17 i 1.64.3 3 

425 1 



Barley 

34 

; 14 ;j'’l,l74 3 


:i4 ' 

17 1 1,.590 1 

415 8 


' 



RANGE-FED ROASTERS 




Gorn 

17 

i 24 2. 291 1 


17 

26Vj| 2, 5.32 8 

241 6 

6 57 

3.50 

Wheat 

17 

- 24'.»; 2,294 0 1 

u 

26* v! 2,515 4 

2:11 1 

6 98 

,3.56 

Barlc*> . 

16 

1 24k-j 2 . 22 : 1.3 


16 , 

) 

2<)V2j 2,416 4 

193 1 

9 36 

3 98 



BATTERY 

■FED 

ROASTERS 




('orn 

! 17 

24V.> 2,284.2 


16 1 

2(iV-J * 2.660 6 

* .380 8 i 

' 5 62 

4.72 

Wheat 

17 

! 24».>| 2.283 7 


IT i 

2t»»vl'> 2.583 8 

; • 31K) 1 

7 16 

4 73 

Barley 

i 17 

i 

24Vjj2.246 5 



26Vi. n 2.443 0 

t 

! 210 2 j 

10 16 

4.71 

RANGE- 

AND BATTERY-FED ROASTERS COMBINED 


Gf»rn 


! 1 

241-12.287 7 


1 

,33 . 

1 

26 Vv} ♦ 2, .594 8 

* :109 .1 



Wheat 

34 

! 24 V-/' 2.288 8 


:i3 i 

26V/1” 2. .5.50 6 

• 266 6 



Barle.x 

33 

1 24V.. 2,235 2 

1 1 



26Vvj 2.430 1 

201 7 




‘ <»2 iHTCont of grain was atidoil to the following basal mixture. Pulverized oats 20 percent, dried butter' 
milk 13, meat and bone st'rups ."i Itange-fed birds received the <!ry mash, battetry*fod birds rcwnvwl the 
mash w ith water mixed in to make a paste of the pro|>er consistency, the corn mixture requiring 55, the. 
wheat 58, and the barley 02 percent of moisture for the fryers, and 00, 02, and 65 |K»rcent for the roasters. 

* The respond* of corn-fed fryers wa.s significantly great4»r on the range than In the battery. 

^ The respon.se of both corn-fed and wheat-fed fryers was highly significantly greater on the range than In 
the battery, the response of both barley-fed fryens and corn-fed roa.sters was highly significantly greater in 
the battery than on the range; the response of w heat-fed roB.ster8 w as significantly greater in the battery 
than on the range. 

* Highly significantly grt^ter responst' to corn than to barley. 

* Sijtniflcantly greater response to wheat than to corn. 

® Highly significantly greater resixinsK* to wheat than to barley. 

^ Highly significantly greater n^sixm.se to barley than to w’heat. 

* Significantly greater responst* to corn than to barley. 

* Highly significantly greater resfiomse to wheat than to corn. 

Significantly greater response to wheat than to barley. 

" Significantly greater response to w heat than to barley. 

Table 2 gives the average body weights and gains during the finish¬ 
ing period for the fryers and roasters produced in 1937. No finishing 
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tests were conducted in 1936. Contrary to the results of 1936, no 
appreciable differences were found in the average rates of g^ain in body 
weight between the corn-, wheat-, and barley-fed fryers and roasters. 
During the finishing period of 1937, the corn- and wheat-fed groups usu¬ 
ally gained somewhat more than the barley-fed groups. In comparing 
the Wrds finished on the range with those finished in the battery, it is 
evident that the range-reared fryers receiving either corn or wheat 
gained appreciably more than the fryers finished in batteries. The 
reverse was true witli those receiving barley. With the roasters, 
however, both the corn- and wheat-fed lots finished in batteries gained 
appreciably more tlian the corresponding lots finished on the range. 
There were no appreciable differences between the range and batteiy 
groups receiving barley, nor were there any appreciable differences in 
the amount of feed required to produce a unit of gain between the 
grains ,used during the finishing period. 

From table 3, which gives dressed weights and grades, it is evident 
that the corn- and wheat-fed lots were heavier than the barley-fed lot 
in both years; there were no appreciable differences between the corn- 
and wheat-fed lots. The fryers receiving wheat on the range were 
appreciably heavier than those receiving wlieat but c'onfined to batter¬ 
ies for the 3-week finishing ])eri(>cl. Of the roasters finished in 1937, 
those fed corn in the battery were heavier than those fed c*c>rn on thc‘ 
range. Other clifferenc^es between battery- and range-finished birds 
were not significant. Although there appeared to be differenc’cs in the 
dressc'cl grades, there was so much variation among the individuals 
receiving the same ration and treatment that these difference's were 
not statistically significant. 

Table 3.— Average dressed tveights^ dressing percentages, and grades of dfcssed 
carcasses of frgers and roasters fed corn, wheat, and ha/leg on range or in batterg, 
19S6-37 


Tyixf of bird, \ oar, and 
lUtlrm 


Fryors (l‘K<7): 
C\>rn 
Wtioai 
Jiarley 

Koastons (rW) 
C'orn . _ 

VV'^hoat . . 
Barloy . 

KoasJors (WM) 
Corn 
Wheat 
IJarJey 


Average dressed weijrhts (l(t 
bir<ls in eaeh li»t) 




Grarn/f 
■> 1 irp 
* I. J‘J7 
1,04« 

i,sr .2 

1. Mti.') 

i,7ys 

3 2 , (MU 
1 ^' 2 , ]«r> 

‘ L W7 


j Range and 
Ratterj ' ' l>attery 
I eoinbmed 


Gra ms 
1. 140 
I, 110 
LOOM 

»2.02l , 
« I.K40 f 
' 1,720 ! 


Grams 
3 1. l.'il 
* 1 . 
1,074 

3 1,042 
■ I.N,VJ 
- 1.702 


Ratio of drawn weights t(j live I Mean 
weiglits uradeof 


, eareU'Jses 


Range 


I I for rang!' 

Range and| and 
Battery 3 > battery j battery 
. (unibined , eoinbined 


Ptrctut l*ercent 

71 I , > 70 0 I » 71 0 ' 

3 7M» i 00 4 

OS 0 I r,7 0 I 


72 I 

73 I 
72 2 

3 OS 2 

‘ m 2 
g:. 2 


71 2 

71 0 


3 71 0 
G7 0 j 

73 H I 
72. .3 
72 0 


1 K 
! 3 
l.G 

' 1 G 

1 W 

2 0 

»2 4 
* l.S 
'•2 I 


> The resiKinse of wheat-fed fryers was highly significantly greater on the range than in tlie battery, the 
response of barley fed fryi'rs was significantly greater in the battery titan on the range, tlu' re.sponse of eorn- 
fed roasters (1237) was significantly greater in the hatter> than on the range. 

2 The response of the corn-fed roasters (19.17) was highly significantly greater in the battery than c»n tin* 
range, 

3 ffighly significantly greater response to corn than to barley. 

* lligitly significantly greater response to wheat than to barl<*y. 

* Significantly greatcjr resiKinse to corn than to barley 
Highly significantly greater response to corn than to wheat. 

7 Significantly greater response to corn than to wheat 

»Significantly greater response to wheat than to barley. 

® Range-fed birds only. 

‘0 Significantly greater response to wheat than to corn 
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Table 4 gives the distribution of fleshing in fryers and roasters. 
With the fryers, there was a higher percentage of light meat in the 
total edible meat of the wheat-fed birds than in that of the corn-fed 
birds. Similar differences were noted by Maw and Maw { 21 ), The 
wheat-fed frvers graded somewhat higher than the corn-fed birds, as 
noted in table 3. There were no appreciable differences between the 
different groups in percentage of either dark meat or skin and sub¬ 
cutaneous fat. But the corn- and wheat-fed birds had a greater per¬ 
centage of abdominal fat than the barley-fed fryers and roasters. 
This agrees with the work of Maw { 16 , 17 ) and Maw et al. { 18 ), 
There were no appreciable differences between the corn- and wheat- 
fed fryer groups. Apparently those receiving barley and finished in 
the battery carried more abdominal fat than those receiving the same 
grain but finished on the range. The corn-fed roasters in 1937 carried 
more abdominal fat than the wheat-fed roasters. Especially was this 
true of the roasters finished in the battery. Differences between 
corn- and wheat-fed birds finished on the range vrere not appreciable. 
The birds receiving barley had more light meat than those receiving corn 
in 1936. The same was true in 1937,but thedifferencewasnotsignificant. 


Tahi.e 4. ' Average percentage distribution of fleshing in the total edible portion of 
fryers and roasters fed corn, wheat, and barley on range or in battery, 1936- 37 


moat 


1 )ftrk moat 


Skin ami sutnaita- 
nenuK fatty tissue 


Abdominal fatly 
t issue 


’ and ration 

.Uunge' 

Hal 
tery : 

Com¬ 

bined 

liange' 

Hut- 

tery 

Si 

Hat- ; 
tery 

I 

C'om- Bat' 

billed * tery 

(‘oni- 

bmed 

Fr>crs nu.l7) 
('orn 

1 40 

.38 90’ 

:w .'>8 

. 

43 40' 

41 73 

42 ,57i 

1 

13 24 j 

1.5 10} 

! 

‘ 14 20| 

< 3 .59} 4 21 

' 3 90 

\Vlu‘at 

, 43 .V> 

41 90' 

< 42 73 

42 4^ 

4t 30 

41 90. 

12 2.5i 

12 9fi> 

12 01! 

- 1 74 3 78 

S'2 70 

Harley 

|i'’43 01 

40 491 

42 O.'i 

14 .'“dl 

43 27 

43 S9| 

11 00| 

13 71 j 

' 12 66} 

* 281 2. 55 

1 41 

Hoiislcr.s (1937) 
Corn 

.! 40 so 

3H Wlj 

.39 84 

43 ool 

43 20 

43 lo! 

12 72,1 

12.20l 

12 40j 

*3 51 5 5 74 

: *4 02 

Wheat 

, 40 (X) 

10 /iO j 

40 .V> 

4,’. 40' 

44 10 

44 70j 

12 22 
12 031 

12 fisj 

12 4.5! 

1 82 2 70 

1 2 20 

Harley 

42 04| 

40,711 

4^ .38 

1 44 «3, 

41 07 

44 «,5| 

12 72j 

1 

! 

12 38' 

1 29, 1 90 

1..59 

Hoaslers (MKlfi). 
Corn 
\\’hettl 

1 ; 

. ' 34 49: 

3fi 84' 

i 

^ j 

40 'd5\ 
1,5 27j 

i 

1 

-1 

i 

! 

1 

13 901 

14 12 

1 

1 

! 

i 

J' 3. 18| 1 

• 3 45| 

1 

... 

Harley 

. .'19 04' 


1 

1 47 'i»\ 

I 

i 

12 fiOl 

1 

! 

9Hi . 1 



> 'I'hr rrsponso of t)arU*>-f«*(l fryors wtis MgnifU*antI> groator on I hr rnugo than in tin* battery 
^ n’h»* ro.sponso »>f barloy-f<‘<i fryors wa.s .significantly creator in the battery than on the range 
* 1'hc response of wheat-fed fryers was .signiflcantly greater in the battery than on the ranee, the resiwnse 
of tmrley-led fryers wa.s highly significantly greater in the battery than on the range. 

‘ Significantly greater res|M)nse to corn than to wheat. 

Highly significantly greater resiKin.se tf» cfirn tlian to barley. 

® Slenifh'antly greater resiKinse to wheat than to torn. 

’ Highly significantly greater res|.Kins<‘ to wheat than to c*orn 
“ Highly significantly greater res|K)nse to wdieat than to barie>. 

“ Signlftcantlv greater resjionst' to w heat than to barle>. 

Significantly grt*ater resTKiiiM- to barle> than to corn. 

*' Significantly greater resruinse to corn than to barley. 

Highly .sigidficantly greatt»r res|K)ns«* to corn than to wheat 
” Highly signifk»iitl> greater n“*i»on.se to barley than to corn. 


Protein and ash analyses were not made on the edible portions ol 
the cockerels grown in 1937 because it was felt that the protein and 
ash content probably would have no inlluence on the edible quality of 
the meat. The analyses made in 1936 of the 12 birds in each group 
show no significant differences among the different groups (table 5). 
This agrees with the report of Maw’ { 19 ). 

It should be emphasized that the standard errors of the averages for 
the protein, ash, moisture, and fat in the abdominal fatty tissue were 
very high because of the diflScultv in getting sufficiently large samples 
from the birds. This is especially true of those receiving barley, in 
which group many of the birds had no abdominal fatty tissue. 
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Table 5. —Average protein and ash content of light and dark meat and of fatty tissues 
of groups of 12 birds grown in 1936 and fed corut wheats and barley 


Corn 
Wheat. 
Barley- 


Ration 

I-ight meat 

Dark meat 

Skin and subcu* 
taneous fatty 
tissue 

Abdominal fatty 
tissue 


ProU-In 

Ash 

Protein 

Ash 

Protein 

Ash 

Protein | 

Ash 


Percent 
24 37 
23 9S 
23. 87 

Pereent 

1 10 

1 OH 

1 16 

Pereent 
21.04 
21 76 
21 62 

Pereen t 

J 17 

1 07 

1 12 

1 

Percent 
21 78 
21 95 
24.9.5 

Percent 

0 65 
(W 
SO 

Percent 

4.02 

3 77 

6 22 

Percent 

0 

.24 

..51 


Table 6 giv(‘s the porcontago of fat in the diflVnMit ocliblo portions 
of fryers and roasters. From these %ur(\s it is evident that tne eorn- 
and wheat-fed fryers and roasters had somewhat more fat in both the 
lipht and dark meats and more skin and subeutaneous fat than tin* 
birds fed barley. Difb'renees between corn- and wheat-fed birds are 
not sipiificant, a finding which agrees with that of Harshaw (7) and 
Maw (17), who report corn to be superior to other grains for fattening. 

Table 6 . — Average fat content of edible portions of roasters and fryers (moisture^free) 
fed corn, wheat, and barley on range or m battery, 1936-37 


TyjH* of bird, 
y(*ar. and 
ral ion 


Fryers (1937;’ 
Corn - . . 
Wheat - 
Barley .. 
Roasters (1937) 

Corn_ 

Wheat 
Barley .. 
Roasters (193(1); 
(^orn 
Wlieat 
Barley 


* The n'si)onse of harley-fed fryers ^^as Mfiiuneiinlly greater in the l>attor.\ than on ihe range 

* Tlie response of harley-fed fryers was highly signifieantly greater in the battery than on the, range; the 
response of corn-fed roasters (1937) was highly significantly greatcT in the battery than on the range, the 
response of w’heat-fed roasters (19.17) was significantly greal'T in the battery than on tin* range 

^ The response of corn-fed roastiTs (1937) was highly signiflianfly greab*r in the batterj than on the range 

* The response of both corn-fed fryers and roasters (1937) was significantly greater in the batt<*ry than on 
the range 

5 Significantly greater n*sponse to corn than to barley. 

* Ilighly significantly greater resiionse to corn than to barley 

^ Significantly greater re.sjam.se to wheat than to barley. 

^ Insufficient abdominal fat present to iK*rnut chemical analysis 

® Significantly greater response to corn than to wlwat 
Highly significantly greater response to whca» than to barley. 


Light in(*at 


Park meat 


Skin and sub¬ 
cutaneous fat 


Ranei*' 

Bat¬ 

tery 

Com¬ 

bined 

RanR0»| 

Com¬ 

bined 

Range* 

Bat¬ 

tery 

Pet 

Pet 

Pet 

... . 

Pet. 

Pet 

Pet 

Pet 

Pet. 

’ 7 61 

8 92 

' s ;{() 

fl 17 28 17 48 

« 17 39 

51 .50 

61 37 

* 6 67 

9 77 

8 It 

13 ,59 

17 18 

1.5 29 

.5.5 74 

.56 34 

4 47 

7 05 

5 76 

10 61 

16. 33 

13.47 

.52 94 

54 28 

9 32 

M3 18 

11 12; 

If) 39 

'•21. .56 

' 18 47 

44 19 

53 79 

8 77 

10 90 

9 S4 

13 04 

17 39 

9 15 .33 

44 24 

48 .31 

8 44 

9 9.5 

9 24 

12 76 

16 08 

14 42| 

! .19 79 

48 90 

M) 141 
' 9 06| 
5 tK)j 


-- 

'‘21 66 
1 " 18 66 
10 1,5 



1 ' ,56 1.5 
‘■'56 82 
39 23 

! 


Com¬ 

bined 


.^ixiominai lai 


Range 


Hat- 

lery 


I 


Pet 
r>7 94 
5t». 03 
53 .57 

49 K-l! 
40 .'iO; 
44 .59 i 


Com¬ 

bined 


r 


Pet. Pet i 
8 K IHj 91 97! 
N7 90, 91 (H)| 
(-) ! SK 2S| 

91 21)! 90 ()7i 
>*.5 40; 1*3 50! 
9fi 40i 94 12| 

«3 01 ; 

91 09! 

70. 00 


Pet 
IK) 31 
«9 07 


94 23 
91 03 
9.5 :n) 


In comparing battery and range methods of finishing, it is apparent 
that there was an increase in tlie jiercentage of fat in each of tlie four 
classes of edible meat when (Mther fryers or roasters wtw finished in 
the battery. This was generally true regardless of the grain ustul. 
Significantly, and in gf^ncraJ, the least fat was deposited in the barley- 
fed birds. 

From table 7, it is apparent that tlie pereentago of moisture present 
in the (‘dible meat varied inversely with the percentage of fat, the 
barley-fed birds generally liaving somewhat more moisture than the 
corn-fed birds, with the wheat-fed birds intermediate. The inverse 
relationship between fat and moisture has been previously noted by 
Harshaw (7) and Holcomb and Maw (8), 
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Table 7 .—Average moisture content of edible portions of roasters and fryers fed corn, 
wheaiy and barley on range or in battery^ 1936-37 


1 

Tyfw of bird, 
year, and 
ration 

Light meat 

Dark moat 

Skin and sub¬ 
cutaneous fat 

Abdominal fat 

Range’ 

Bat¬ 

tery 

Com¬ 

bined 

[ 

Range’ 

Bat¬ 

tery 

Com¬ 

bined 

Range' 

Bat¬ 

tery 

Com¬ 

bined 

Range 

Bat- 
1 tery 

Com¬ 

bined 

Fryers (1937): 

Pet, 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

i 

Pet. 

Pet. 

Corn--- 

73.18 

! 74 12 

73.65 

72. .82 

72 80 

72.81 

.50.49 

51.84 

51,17 

1 9 .50 

9 20 

9.33 

Wheat - 

74. 19 

73 69 

73.95 

73.49 

72.96 

73 23 

« 62 31 

49 39 

•50 93 

16.07 

9.80 

12 06 

Barley - - 

74 34 

73.90 

74.13 

74.01 

72 24 

73 13 

4 57.89 

.51.99 

4 55 09 

(«) 

11.50 


Roasters (1937). 












Corn _ - 

72 51 

70 55 

71 49 

73 26 

71.97 

72 62 

.50 80 

43.20 

46.30 

9.30 

7.10 

8.04 

Wheat 

73. 15 

72 75 

■ 72 96 

■74 88 

’73.79 

’ 74.33 

50 20 

47 50 

• 48.70 

14 40 

• 12 50 

’ 13.20 

Barley 

73, 46 

•7.3.15 

• 73 29 

'74.36 

^73 46 

•73.96 

55.10 

•.52.60 

• 63. 80| 

• 19. 70 

* 12.90 

» 15.80 

nofksb'rs (1936). 



1 




1 






Corn 

71 66 



70.44 

_ 


46.77 



14.22 



W'heat 

' 71 61 



«'• 70 73 



»"’ 47 ,59i 



1.3.06 



Barley .. 

5 73 07 

i 

--- 

• 73. 65 



• 57.48i 

---- • 


iy).51i 

. 

. 


* The resf)onst* of corn-fod roasters (1937) wa.s significantly greater on the range than in the battery. 

* The resiwnse of the bark*y-fe<i fryers was highly significantly greater on the range than in the battery; 
the rcsp<jnse of the corn-fed roasters (1937) was significantly greater on the range than in the battery; the 
res|)ons<* of heat-fed roasters (1937) was highly significantly greater on the range than in the battery. 

3 The resixinst* of barley-fed fryers was significantly greater on the range than in the battery. 

* Significantly greater resfionse to barley than to wheat. 

' Significantly greater resiKinse to barley than to c*orn. 

^ Sanifiles insiiflicient foranal>si.s 

* Highly significantly greater resimnse to wheat than to corn 
Significantly greater r(‘sp<jn.se to wheat than to corn 

5* Highly .significantly greater resiKin.se to barley than to corn. 

Highly signifteantly greater response to barle> than to wheat. 

T. ABLE 8. Average distribution of edible uncooked meat and of fat and moisture 

hi the edible meat on the left halves of carcasses of fryers and roasters fed corn^ 
tvheatf and barley on range and in battery^ 1936-37 


Ty|K‘ of bird, year, and 
ration 


Pklible moat 


I Fat (moisture-free basis) 


i Haltor>; jKangfiiHalt.Ty, 


-- 

!_ 

i _ .. 


-i 

_ 1 

Fryers (19;i7)- 

Percent ] Percent 

1 Percent ]Percent [Percent j 

Corn - 

67 H 

t 72 3 

70 0 i 

! • 21 0 t 

4 23 9 

Wheat 

’ 70 0 

\ 70 7 1 

70 4 1 

1 M7 0 i 

21 9 1 

Barley 

tW 3 

69 9 i 

69 1 

1 **2.9 1 

19 6 j 

Roasters (1937)* 

(^orn . . 

1 73 9 

; 74 5 : 

74 2 

! 4 19 2 ! 

• 26 5 ! 

Wheat 

74 3 

1 73 4 

73 8 

16 5 ; 

20 7 1 

Barley 

72 8 

. 72 6 

72 7 

15 3 j 

19 2 1 

Roasters (1936) 
r'orn -. 

78 8 

1 

1 


1 

< 2 :i 8 ; 

i 

Wheat 

Barley 

; 79 7 

I 77 3 

i 


; ’ 2 : 11 j 
12 8 

i 

_ 1 


Fercnit 
* 22 4 
■ 19 4 
« 1 .^ 1 

« 23 (1 
c IH 7 
17.3 


Moisture 


'Range' I Battery I 


Com¬ 

bined 


! 

Percent Percent 
tiH 1 fu.fi 

70 2 67 8 

72.1 68 6 


Percent 
67 8 
69 0 
•70 2 


67 9 1 64 2 

70 II 68 4 

71 0 I ‘-’TO 0 


6.5 9 
n 69.2 
i* 70 3 


f>4 3 
u 65 7 
>* 70 8 


* Tile response of eorn-fed fryers u as significantly greater in the battery than on the range. 

* The response of wheat-fed fryers was significantly greater In the battery than on the range; the response 
of barley-fed fryers was highly significantly greater in the battery than on the range, the response of corn-fed 
roasters (1937) was highly significantly greater in the battery than on the range; the resjionse of w’heat-fed 
roasters (1937) was highly significantly greater in the battery than on the range; the rcsixinso of barley-fed 
roasters (1937) was significantly greater In the battery than on the range. 

• The resixinse of barley-fed fryers was significantly greater on the range than in the battery. 

• Highly significantly greater res|>onse to corn than to barley. 

* i^ignifieantly greater resjKinse to corn than to barley. 

® Significantly great4'r resiwnse to corn than to w’heat. 

^ Highly significantly greater rosiwnsc to wheat than to barley. 

" Significantly greater response to wheat than to barley. 

• Significantly greater response to barley than to corn. 

Highly significantly gaater response to corn than to wheat. 

“ Significantly greater res(Kmse to wheat than to corn. 

>» Highly significantly greater response to barley than to corn. 

>5 Highly significantly greater response to barley than to w'heat. 


Table 8 gives the percentage of edible uncooked meat and the per¬ 
centages of fat and moisture in the left halves of edible carcasses of 
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fryers and roasters. The wheat- and corn-fed birds did not differ 
appreciably in the amount of edible meat produced, but the barley- 
fed birds produced less than either group. This agrees with the find¬ 
ing of Maw et al. (18), There were no appreciable differences be¬ 
tween any of the percentages of edible meat on the left half of the 
carcass. 

The corn-fed fryers and roasters not only had the largest total 
quantity of body fat, but also the largest total percentage of body fat, 
followed in order by the wheat- and barley-fed birds. The same rela¬ 
tionship has been previously noted by Maw et al. (18), 

Table 9 gives the body measurements which were taken each year. 
The corn-fed fryers had a somewhat greater average breast length 
than the wheat-fed fryers. Other body measurements did not differ 
appreciably among tlie fryers of tlie different lots. In the 1937 
experiments the average breast width 3 inches back from the tip and 
the heart girth were somewhat greater in the roasters receiving corn 
than in those receiving barley. The tibia anterior-posterior diameter 
was also larger in the corn-fed than in the barley-fed birds. In the 
1936 experiments, the average breast-width measurements of the 
wheat-fed roasters were larger than those of either the corn- or the 
barley-fed roasters. 


Table 9 .—Average body meaftnremenls of fryers and roasters fed corn^ wheaty and 
harleyy raiige and battery groups cotnbinedy t9S6-S7 

_ _ . ^ ^ ^ 

I Broa.st inoasuronn-nts ' ' ' I ' 'Pibia nioHSiirruu'nts 


T>po of bird year, 
and ration 


Frycns (19.37) 
(’’orn 
Wheat 
Barley 

Uoastfirs (1937)- 
Corn . . 
Wheat 
Barley 

Roasters (1936) 
Corn . 
Wheat 
Barley 


{ of j 
an inch 
! from 
, ante- 
I rior 

! tip 


Cevti- 
melfTS 
2 64 
2 62 
2 74 

3 2 77 
2 fi6 
2 59 


.3 

inches 
from 
ante¬ 
rior 
tip , 


inches 

from 

edRc 


Lenjfth 


, Shruil*; 
' der 
i width 


Heari ; Hip 
Kirth 


Femur I 
length, 


’ I,nl- 

I-enRthi : rral 

:'n«; 

I 


('eulu 

CeiiU- 

Oiiti- 

, i'entu 

Centi¬ 

Onfh I 

! 

Ontx-1 

('enti- 

meters i meters 

meters 

i meters 

meters 

meters i 

meters i 

meters 

.3 67 

4 04 

Ml 73 

i 7 70 

4 45 

8 (M) 1 

1 


3 20 

3 91 

1 M1 33 

i 7 90 , 

4 42 1 

8 OK; 

1 


3 12 

3 99 

1 11 33 

> 7 67 1 

1 j 

4.34 ; 

! 

K u;i 1 

1 

1 



I 

i fVwfi- ('evt\' 
J meters intitrs 


I 3 3.5 
* 3 04 
3 (K) 


3 4 S3 
4 ri4 
4 33 


13 H9 I 3 9 76 1 I h 93 

14 0.5 I 9 .52 I * 5 .56 

13 74 I 9 40 1 .5 40 


9 .59 
9 64 I 
9 .50 


12 .52 
12 67 
12 65 


17 09 
17 12 
16 76 


1 I .5.22 
I 5 5 OS 
j 4 S8 


3 M 
3 1)5 
.3 .59 


2 87 
5 3 02 
2.69 


2 91 

3 21 
2 68 


4 94 

5 07 
4 87 


14 07 I 9 29 I 
» 14 66 ! ’ 9 68 I 
13 ,54 I 09 08 I .... 



1 Highly significantly greater re.sj)onsn* to corn than to barley. 

® Highly significantly greater resiJon.s«‘ to corn than to w'hcat. 

3 Significantly greater resjionse to corn than to barley. 

* Significantly greater ri'sponse to corn than to wheat. 

* Significantly greater resiionse to wheat than (o barley. 

0 Highly .significantly greater response to w'hoat than to barley. 
7 Significantly greater response to wheat than to corn. 


It is evident from table 10 that there was more total body fat in 
the battery-finished birds than in the birds finished on the range. 
This was true of all groups regardless of the cereal grain used. There 
was a larger amount of total fat in the corn-and wheat- fed fryers and 
roasters than in the barley-fed birds, whether they w^erc finished on 
the range or in batteries. The fryers and roasters receiving yellow 
corn had the largest amounts of fat in the light meat, dark meat, 
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skin and subcutanoons tissue, and the abdominal fatty tissue, followed 
closely by those receiving wheat; those receiving barley had appreci¬ 
ably less fat in each of the different classes of eclible meats. 

Table 10. — Average weight and percentage dutrihxilion of fat in the total fat of 
fryers and roasters fed corn^ wheats and barley on range and in battery^ 19S6~37 


Type of bird, 
year, and 
ration 


Fryers (1937) 

* (\trn 
Wheat 
ibirh'y 

Uoastors (1937) 
(Nirn 
Wheat 
narl<‘y 

Roastt*rs (1930) 
(’orn 
Wheat 
Barley ... 


Weight of 
total fat In 
left half of 


Flesh fat 


Skin and subcutaneous 
fat 


Abilominal fat 


carcass 


Range 

Bat¬ 

tery 

Range 

Battery 

Jtaijge 

Battery 

Range 

BatU‘ry 



1 Per- 

i Per- 


Per¬ 


Per¬ 

\Per- 


Per¬ 

; (im ; Ora mf , Ora nis ce nf 

Grain»\ cent 

Oramn 

cent 

Grarm 

cent 

Oraim. cent 

Grams 

cent 

! 71 7 

K\ 3 

30 0, m 2 

37 6; 45 0 

25 1 

35 0 

32 5, 

39.0 

10 o! 14 H 

13.3 

10.0 

1 flf) H 

73 7 

31 o' .*)! 0 

37.7) 51 1 

24. 51 40 3 

24 2 

32.9 

5 3! 8 7 

11.8 

10.0 

1 3S 4 

02 9 

19 9 .*)1.K 

31 91 .50 7 

1 j 

IH 5 

4H 2 

23 9 

38 0 

0 j 0 

7 1 

11.3 

1 113 fi’ 173 3 

j 

01 H! rA.i 

1 94 31 54.4 

33 0 

29 0 

43 0 

24 8 

18 21 10 0 

36 0 

20.8 

1 W 7 

121 2 

55 Hj 57 7 

, 70 41 .5H. 1 

1 31 9 

33 0 

35 8 

29 5 

1 9 O; 9 3 

15 0 

12 4 

85 7 

103 7 

51. S' 00 5 

00 5 58 3 

i 27.1 

31 0 

33 3 

32. 

1 0 h; 7 9 

9 9 

9 6 

j 1(12 1 


8S Kj 51 K 

1 

j .55 0 

9 



i 18 . 3 ! 11.3 



1 173 0 


HH 4, 51 1 

i ' i 

1 00 H 

35 1 



23 H, 13 8 .. 


1 HO 7 

1 


1 43 9. .54 4! i 

: 314 

38 9 



1 5.4| 6.7 




i 

■ 1 

1 

1 

1 ■ " 



K(daliv(‘ to the distribution of the total body fat, it is apparent 
that as till* p('rc(‘ntag(‘ of abdominal fat inenaist'd in each group the 
()<*rc<‘ntag(* of fat in th(‘ other parts of the body (h^creased correspond¬ 
ingly. The abdominal cavity appears to l)e the last place in wliich 
fat is d('posit(‘d. Many of the birds fed the barley ration had no 
alnlominal fatty tissues Had those receiving barley been’ fattened 
for a long(*r piu-iod than those receiving corn or wheat, however, 
the results might have been different. In the fryers, of all groups, 
from 45.0 to 51.8 percent of the total fat was deposited in the light 
and dark nu»ats, 32.0 to 48.2 perc(»nt in the skin and subcutaneous 
fat, and 0 to 10 perc('nt in the abdominal cavity. In the roasters, 
from 51.1 to 00.5 p(»rcent of the total fat was presemt in the light and 
(lark fh'sh, 24.8 to 38.0 peirent in the skin and subcutanc'Ous tissue, 
and 0.7 to 20.8 perciMit in the abdominal fatty tissue. It is apparent 
that as fattening progresses fat continu(‘s to be deposited in the light 
and (lark meats and in the akin as wcdl as in the abdominal cavity. 
Th(‘ amount of abdominal fatty tissue prc'sent gives a very good 
indi(‘ation of the total amount of fat in the body. 

Tabl(' 11 shows the relationships of the dressed weight to tbe total 
edible imuit, the fat content, the alignment grade, and the index 
valu(‘. These figures are averages for the combined range and battery 
methods of finishing frycus and roasters. Th(\y show the general 
superiority in all n'suects of corn and wheat over barley for fryers 
and roasters. It will b(» not(»d that in 1937 there was appreciably 
inort' total edible meat on the carcass of the corn-fed roasters than on 
that of the barl(\v-f('d. The inch'x value is also in close agreement 
and both differences ar(» significant. A covariance analysis of the 
eorndation betW(H‘n ind<*x value and the total edible meat on the left 
half of th(' carcass shows that for all the roasters produced in 1937 
then' was a positive correlation of 0.37, which is highly significant 
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and shows that this method of doterming index value can be used in 
estimating the total edible meat present in the carcass, especially for 
roasters. 


Table 11 .—Relationships of average carcass measurements of fryers and roasters 
fed corny wheat, and barley {range and battery groups combined), 1936-37 


Typo of bird, yoar, and ration 

Dressed 
eight of 
whole 
earcass 
undrawn 

1 

Total edible 
meat on left 
lialf of 
carcass 

Average fat 
content of 
left half 
of carcass 

Allnement 
grade ^ 

Index value 

Fryers (1937) 

Corn.. . - . 

Orams 

1 . LM 

Oramn 
» 340 

Grams 

78 

2 0 

194 

W'^heat__ _ 

1.160 

<348 

OH 

2 1 

194 

Barley. 

1.074 

310 

47 

2 H 

190 

Roasters (1937)’ 






Corn 

1.942 

< 023 

113 

I 0 

< 207 

Wheat... . ... 

1 .8.02 1 

».Wi 

no 

*' 2 0 

233 

Barley . _ 

1,702 1 

2 5.50 

9.5 

7 3 2 

*218 

Roasters (1930) 

! 





Corn . _ . 

2.094 1 

^ fi7<; 

102 

2 0 

232 

Wheat....- - . - 

2.19.0 

6 731 

173 

1 9 

3 287 

Barley — -- 

1,907 

3 023 

1 

81 

P 3 0 

197 


> On th<‘ basis ol 1.0 beinp: the toji market grade and 4 0 being the lowest market grade 

2 Highly significantly greater resfionsi' to corn than to barlev 

3 Highly significantly greater resjKinse to wheat than to barh'y 
< Significantly greater response to corn than to wheat 

8 Signifl<*antly greater resiwnse to wheat than to barley 
« Highly significantly greater resiKinsc to wheat than to corn 
7 Highly significantly greater response to barley than to corn. 

«Significantly greater respon.sc to corn than to barley 
® Significantly greater response to barley than to wheat. 

SUMMARY 

When judged by the aiuount of feed required to produce a unit of 
gain in body weight of fiyers during the grow ing ptTiod, wdi(*at w as 
most efficient, follow^ed in ord(»r by barlty and corn. In growing 
rations for roasters, the gain-feed ratio was practically tlu^ same for 
corn and wheat, but somewhat more barley was rt^quired for the sam(‘ 
gain in body weight. In the finishing rations testtnl, corn, wdu^at, 
and barley ranked in this order of efficiency. 

There were no appreciable ditfcTences in the avfuage ratios of gain 
in body weight between the corn-, wheat-, and barley-fed fiytu's and 
roasters receiving the growing rations in 1937. In 1930, however, 
those receiving barley grew h'ss rapidly than those receiving corn or 
wheat. As finishing rations, yellow corn and w lnait proved superior 
to barley for most of the groups, slightly Ixdter gains being made by 
the corn-fed group than by the wheat-fed. 

The fryers receiving corn or wheat in the ration and finished on 
the range gained somewhat more in weight than the corn»sponding 
groups finished in batteries during the last 3 wet^ks; the reveu’se was 
true with those receiving barley. With the roasters both the corn- 
and wheat-fed groups finished for 2 weeks in battf'ries gained appre¬ 
ciably more than those finished on the range; there were no significant 
differences between the range and battery groups receiving barhy in 
the ration. 

The corn- and wheat-fed fryers and roasters had significantly more 
total edible meat on the carcasses than the birds receiving barley. 
The wheat- and barley-fed flyers and roasters had a somewhat higher 
percentage of light meat in the total edible meat than those receiving 
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corn. This may have been due to the fact that the com group had 
the liighest percentage of abdominal fatty tissue in the edible meat. 

The corn-fed f^ers and roasters showed a consistent tendency to 
deposit more fat in the light meat, dark meat, skin and subcutaneous 
fat, and the abdominal fatty tissue than the other two groups. They 
were followed in ord(U* by the wheatr- and barley-fed groups, with 
significantly more fat in the carcasses of the corn-fed than in those 
of the barley-fed group. 

In comparing battery and range methods of finishing, an increase 
was found in the percentage of fat in each of the four classes of edible 
meat in both fryers and roasters finished in the battery. Generally 
speaking, this was true regardless of the grain used. In general, the 
least fat was deposited in the barley-fed birds. 

A tendency was noted toward an inverse relationship between the 
fat and moisture content of edible meat. Consequently, the range 
groups g(*nerally had a slightly higher moisture content than the 
battery groups, and the corn-fed birds a somewhat lower moisture 
continit than eitluu’ the barley- or the wheat-fed birds. 

There was a significant positive correlation between the amount of 
edible meat on the carcass and tlie index value detennined from the 
bn‘ast iiKuisununents tak(‘u. 
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EFFECT OF CORN, WHEAT, AND BARLEY IN THE DIET 
ON THE FLAVOR OF FRIED AND ROASTED CHICKENS' 


By W. K. PoLEY, heady Department of Poultry Hunhandryy South Dakota Agricul¬ 
tural Experiment Station; Amanda KosEvguisT, ansistani professor of home 
economicsy South Dakota State College of Agriculture and Mechanic Arts; and 
A. L. Moxon, acting chemist, South Dakota Agricultural Experiment Station ^ 

INTRODUCTION 

Resoarch dealing with the preparation and cooking of poultry meat 
is comparatively new; consequently many of our present-day methods 
might, well be t('st('d with a view to improvement. There are also 
many unsolved ])roblenis (‘onnect(‘d with obtaining accurate estimates 
of flavor since su(*h estimates are based on people^s opinions. It is 
probabh' that much of the research work involving flavors which has 
been done in the i)ast has not included a sufficiently large number of 
opinions and some' of th(‘ judges on tasting committees have not been 
sensitive* enough to detect difTereuices in flavor. 

EXPERIMENTAL PROCEDURE 

PREPARATION OF CHICKENS FOR FRYING 

The expe'riments henun reported were conduct(*d in 1937. One-half 
of each of 10 Barr(*d Plymouth Rock cockerels 17 weeks of age from 
each of 3 ('xperiimuital rations were used. The average dressed 
w(*iglits of all grou[)s was 3.13 pounds and repres(*nted tliose birds 
nean'st the aviTage wc'ight for the group from which they were selected. 
The tbr(‘e growing rations used included 59 percent of either ground 
yellow corn, wheat, or barhw added to the basal mash mixture, the 
same whole grain that was used in the mash being also fed ad libitum. 
The rations used and the methods of finishing are given in a previous 
report by Poley ('t al. {12)} About 72 percent of the ration con- 
sunu'd (luring the growing period consisted of ('ith(*r yelloAV corn, 
wh(*at, or barl(*v. During the 3-week finishing pcTiod 02 pt'rcc'nt of 
the c(*ival grain was consum(*d in the all-mash finishing ration which 
was mixi'd with wat<T to a thin paste. 

F(*ed was witlilndd but water was providc'd for 24 hours before 
killing time, wh(*n the birds w(*re W(*igh('d. Th(\y w(Te tlnui dr('ss(*d, 
clnll(*d at 3()° F., and the divssc'd weights tak('n. Sevc'ral physical 
nmasuiTinents of tin* dr(‘ss(Hl carcass w('re also taken, as previously 
r(*port(Hl (12). Table 1 giv(*s the wi'ights of the difierent parts into 
which the birds were divided, and also the pcTcentage of live weight 
and dr('ss('d and drawn w('ights, for each part of the fryt'rs and roasti^rs. 
Th(Te have been several n'ports, including those by Bird (/), Harshaw 
(5), Maw (.9), and Maw et al. (10), giving diTssing pc^rcemtages, 
chemical composition, and cooking percentage's, but none involved a 
study of cooking percent ages for fryt^rs. 
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Table 1. —Average live and dressed weights, and dressing and cooking percentages of whole carcass and parts of fryers and roasters fed corn, 

wheat, and barley 
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The wei^Iits of edible meat which were taken included the gizzard, 
heart, liver, and abdominal fat. The weight of the neck, which 
included the skin, flesh, and bone, and tlie weight of the right and 
left halves of the edible car(‘ass were also (ietermined. Analyses were 
made on tlu'. left half of the carcass for both the fat and moisture 
content of the edible light meat, dark meat, skin and subcutaneous 
fat, and abdominal fat. The results of these analyses have been 
reported by Poley ('t al. {12), Figur(». 1 shows how the carcass was 
cut longitudinally tliroiigh the v(‘rtebra(‘ and sternum into two halv(»s 
of approximately (H{ual weight. Tlu' right half of c'ach (‘.ar(‘ass was 
placed in an individual airtight oil-silk bag and stored at a tempera- 
tur(» of 32° lo 38° F. until cooking time. When cooked, the quan¬ 
tities of edible light meat , dark meat, skin and subcutaneous fat, and 
boiK's W(U'e determined. The light and dark meats were then scored 
for palatability by a committee of judg(‘s. Two halves from each of 
th(' thrc^e rations were fried on each of 5 days, over a. 14-day ptu-iod. 



Fkujkb l. - The pan, rack, jxxsitioii of tliormometer, and roaster (Inrinj^ cooking? 

For each chick(‘n, 1 pound of fresh hydioginiatiMl lard was pla(*ed 
in an iron (diicken fryer (10 inches in diameter and 3 inches d(‘(‘p) 
and heated by electri(*ity to 17o° C. This was just enough fat to 
bubble up over the chicken and giv<‘ all tin* surface's a golden-brown 
crust. Thermometers W(*re placc'd in the thigh and breast pieces, 
but since there was insufficient fle.sh to protect tln^ thermomeU'r bulbs 
from the hot fat, the temperature readings were unreliable and higher 
than the ^‘doneness” of the meat would indicate'; so each chi(‘ken was 
cooked in the uncovered pan for 30 minutes. Tin' teauperalure' of 
the fat usually dropped about 30° from the original reading within 
5 minutes afte'r the chicken was place'd in tin', fiyer and remaiin'd at 
about 145° throughout tin' rest of the cooking period. Tin' average' 
weights of the right halve's of the 10 chickens sedecteel from e'aedi ration 
were 470 gm. for the3 e*nrn-fe'.el, 47(3 gm. for the wheat-fenl, and 451 gm. 
for the', barley-feel birels. The half to be frieni was cut into two parts, 
dark and light ineat. The former inclueled the tibia, metatarsus, and 
flesh over the ilium (oftem called the ‘‘oyste^r^'); the latte'r incluele*el 
the breast muscle anel wing. No seasoning, flour, or othe'r substance 
that might affect the flavor e>f the meat was used. The skin was not 
employed in the flavor studies, although it was left on the carcass 
until frying was completed. 
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PREPARATION OF CHICKENS FOR ROASTING 

Ten 26/^-weck-ol(l Barred Plymouth Rock cockerels were selected 
from each 17-bird group finished. The average weights of these 
birds (table 1), were closest to the average weight of the group from 
which they were taken. The birds had received the some growing 
and finishing rations that were fed to the fiyers and were selected in 
the same manner. 

About 82.9 percent of the ration consumed by the corn-fed group 
during the growing period consisted of yellow corn. Eighty-nine 
percent of the ration consumed by the wheat-fed group was wheat, 
and 83.6 percent of that consumed by the barley-fed group was 
barley. During the 2-week finishing period, 02 percent of either 
yi'llow com, wlu'at, or barley was consumed, as tliis percentage of 
grain was included in the all-mash finishing ration which was mixed 
with water to a thin paste just before feeding. 

The roasters were killed after being deprived of fee<l for 24 hours, 
with water to drink the first 12 hours, and then were dissected. The 
dilTerent parts into which the carcass was separated are given in 
tabh* 1. The left half was used for chemical analysis and the* right 
half for palatability studies, the same method being used as with 
fryers. 

The average dressi'd weights of the 10 halves of the birds from each 
ration were 2,329.3, 2,248.8, and 2,165.5 gm. respectively for the 
corn, wheat, and barley-fed roastei's. The birds were roasted with tlu* 
skin side down on racks in pans (fig. 1) in an automatically controlled 
el(*ctric oven large enough for six pans. A meat thermometer was 
inserted in the thigh muscle and the temperature allowed to reach 
92° C. The oven temperature was maintain(‘d at about 149° C. 
Niles (//) reportt'd that the internal temperature of the thigh should 
reach 85° C. Moreover, she reported that the flavor of chicken 
roasted in an uncovered pan was preferable, although the skin was 
dry as companvl to that which was roasterl in a pan covered for part of 
the time. Iaiwc (7) also reported that the internal temperature of 
the thigh muscle of chicken should reach 85°. In the present exp(‘ri- 
mcints, the flesh did not appear sufficiently cooked at 85°, so 92° was 
preferred. Maw' (8) used a constant oven tempi'rature of 191° C. 
for roasting chicken. 

Two oven thermometers were used insiile of the oven to check the 
tempei'aturcs, which were read every 10 minutes. Two chickens from 
('ach of the rations were roasted at one time on each of 5 days within 
a lO-day period. 

As soon as the tempi'rature of the thigh muscle rc'ached 92° C. the 
carcass was takim Irom llie ovimi and weighed. The sl.'in was then 
removed and samples taken for palatability studies. The same 
method used in determining the weights of the bones and edible flesh 
of fryers was employed. The residue included the juice vyhich dripped 
from the carcass during roasting and the juice which drained from the 
carcass when the skin and subcutamKius fat were removed and the 
leg and thigh were separated from the remainder of the carcass. 
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Fl^VOR STUDIES 

Palatability studie^s were made on both the light and dark meats, and 
consisted of scoring as to intensity and desirability for both flyers and 
roasters. The intensity measurements were subdivided into aroma, 
flavor, juiciness, te'xtun^, and tenderness. T(‘xtijrc was judged only 
for the roasters. Desirability was subdivided into aroma, flavor, and 
juiciness. These palatability factors were evaluated from 1 to 7, 
according to the increasing intensity and desirability of each factor. 
This was done independently by individuals of a committee of nine 
judges according to a grading chart for cooked meat similar to the 
one used in the National Cooperative Project of Meat Investiga¬ 
tions,^ except that no consideration was given to the intensity and 
desirability of fat flavor. Throughout the tost, each judge was served 
the same cross section of muscle from each chicken, with samples 
taken from both light and dark meats. The samples were cut as 
quickly as possible at right angles to the length of the muscle, and 
served while still warm to each judge. The judges were allowed 
water and white bread but no butter. No salt or other seasoning was 
used. As soon as the judges had completed the scoring of light and 
dark meats from one carcass, they were given samples from each of 
the five remaining carcasses. The six samples (12 portions) were 
distributed at random among the judges. Consequently the judges 
had no knowledge of the classification of the birds from which the 
samples were taken. 

TESTING THE JUDGES 

Crocker and Platt (5) state that there are four commonly accepted 
kinds of taste buds which give the four primary tastes, sw(‘(d, sour, 
salty, and bitter. Since it has been demonstrated by a number of 
workers (j^, 4^ 13) that considerable variation exists among indi¬ 
viduals in their response to taste* and smell, and some peoples cannot 
satisfactorily detect certain flavoi*s, tests were made to determine the 
sensitivity and consistency of response of the nine judges who assisted 
in the study. The method used was similar to the one descrilxMl by 
King (6*), with one modification; namely, the solutions of sucrose* 
(sweet), sodium chloride (salt), lactic acid (sour), and caffeine (bitter) 
were given in random order. This was done to eliminate the possi¬ 
bility of psychological n^actions to the solutions of low concentration. 
The solutions and concentrations used are shown in table 2. 


Table 2.— Solutions and molar concentrations of solute used in determining the 
sensitivity and consistency of 1 espouse of the nine judges 



Solution No. 

Sucroso 

Sodium 

chloride* 

Lactic acid 

1. -„ - 

2. _ 

3_ 

4... 

& . 

(i 

.. . 

Moles 

0. (KX)5 
.(xao 
.ooai 
. wm 
.0100 
.0250 
. 0.*XX) 
.10(X) 

. 1500 

Motes 

0 (M)10 
.IXK20 
.(XI.50 
.OKX) 
.05(X) 
1000 
. 2(XX) 

. 2m 

Moles 

0. (XX) 1 
. {XX)2 
. (XX)5 
.(X)l() 

. 0025 
.(X)50 
. Ol(K) 
.0250 

7. __ 

8 . - - - 


. 


1 




(^alToino 


Molen 
0. (N)01 
. (KX)2 
. (KKW 
.(X)10 
. (K)25 
. IXirH) 
.(IKK) 
. ()2A() 


♦ U. S. ntREAU OF Animal Industry, a study of the factors which influence the ouality and 
PALATABILITY OF MEAT. licV. Cd., 76 pp. 1927. 
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Without a knowle^e of either the kind or the concentration of the 
solution used, each jud^e was required to identify the solution and 
estimate its concentration The following niunbers and descriptive 
terms were employed: 0, No taste; 1, very faint; 2, faint; 3, easily 
<listinguishable; 4, strong; 5, very strong. The judges were given two 
tests approximately 6 weeks apart, the same procedure being used in 
both. 

The ability to recognize a low concentration of a solution as well as 
to estimate consistently the intensity of a taste are essential to good 
judging of flavor. The range of molar concentrations for the jukes’ 
threshold of taste as well as the median molar concentration of the 
solutions are given in table 3. (The threshold value of taste is the 
lowest molar concentration at which a taste can be identified. This 
is qualified by the requirement that all higher concentrations be 
accurately identified). 

The values shown in table 3 compare favorably with the values 
determined by King { 6 ). The frequency distribution of threshold 
values for the nine judges approximates a normal curve. One judge 
was found to have uniformly low threshold values for all substances, 
one judge had uniformly high threshold values, two judges had 
uniformly average threshold values, and the threshold values of the 
remaining judges were mixed. 


Table 3. Median and range of taste thresholds of the nine, judges 


Substanfo 


SlKTl)>0 

Sodium ( hlonde 


I I 

I Solution conmmtration j 
{ at threshold 


Substance 


Solution concentration 
at threshold 


! ! 

I Me<lian i Hango 


I 

Moleti 
0 oi:>:t 
()55d j 

i 


Xtolfji j j 

0 (Kri/V-d 05 Lactic acid 
(X).*! - 20 ! (^alTeine 

!i 


I Median j Hnnce 


! I 

I Moles j Molen 
I 0 0025 I 0.0'K)2 0.005 
001M i .001 -.(X)5 

! I 


The term consistency'’ denotes the ability of a judge to reproduce 
his estimates of taste intensity. To determine the consistency of a 
judge, the difference in the idtmtification numbers of the solutions 
n‘i)resenting his thr(‘shold values on test 1 and test 2 were used. For 
example, if on U*sl 1 a judge first identified sucrose (threshold value) 
at a concentration of 0.0010 mole, and on test 2 he identified sucrose 
at a concentration 0.0025, his consistency number for sucrose would 
be 3 — 2=^ 1. I'o further estimate the consistency of a judge, the dif¬ 
ference in the numbers of the solutions representing his choice of 
‘^»asily distinguishable taste” was used. Tne results are shown in 
table 4. An examination of the distribution of consistency numbers 
in table 4 shows that the judges wn^e able to reproduce responses more 
accurately at the easily distinguishable than at the thresWd level of 
taste. This observation substantiates the finding of King (6*). The 
average consistency number for the committee of judges at the 
threshold level of identification was 1.4 (range 0.0-2.0) and for the 
easily distinguishable level of identification 0.99 (range 0..3-1.7). 
These consistency numbers compare favorably with those of the 14 
judges selected by King from a group of 64 judges. 
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Table 4. —Consistency numbers of the nine judges of flavor 


Average con¬ 
sistency 
numbers 

^‘Threshold” 

distribution 

‘‘Easily dis¬ 
tinguishable” 
distribution 

0.0-0.3 - 

0 

1 

. 3- . 9 . 

3 

4 

_ 

4 

1 

L.'5-2.1. ... 

2 

0 


To summarize, it is bclievcnl that the judges who assisted in these 
meat-tasting studies represented an average or better than average 
group as judged by the data of King (6). It is, therefore, assumed 
that their estimates of meat quality are reliable. 


STATISTICAL ANLAYSKS 


Statistical treatment included an analysis of variance. F values 
were calculated and compared to the minimum F value necessary for 
significance as reported by Snedecor {14, fable A"-V-YT’). F values 
necessary for odds of 19 to 1 (significant) and 99 to 1 (highly signifi¬ 
cant) are reported. The F value was determined by the following 


formula: F~ 


For example, for intensity of 


l arge r mea n square 
smaller mean square* 
aroma of the light-meat samples (table 6), an analysis of variance of 
the palatability scores was made as shown in table 5. Where the F 
value approached significance, a more complete analysis was madc’i 
with a view to subtracting out the sum of squares betwei*n birds and 
the sum of squares between samples. This analysis did not raise any 
of the mean differences to the level of high significance (odds 99 to 1). 


Table 5. —Analysis of variance of the palatability score for aroma of light meat in 

table 6 


Source of variation 

i 

Degroci* of 
froetlom 

Sum ot 
squares j 

Mean 

.siiuarc 

F value 

Total __ - 

Between mean.s of fee<l 

Within feeds . . 

210 

i 

217 

470 10 

08 j 

475 42 

0 34 ‘ 
2 19 

0 2 


EXPERIMENTAL RESULTS 

FRYEKS 

The dressing percentages of the difh'rent parts into whi(*h the car¬ 
casses were separated are given in table 1. The table shows no 
appreciable differences in dressing percentages between the birds 
receiving the different grains in their rations. However, there was 
a tendency for the barlev-fed group to have slightly lower per(*entages 
of their live weight as dressed and drawn weights than the corn-and 
wheat-fed birds, which were about equal. There was also a slightly 
higher percentage of inedible and a lower percentage of total edible 
meat on the carcasses of the barlev-fed fryers as compared to those 
receiving either corn or wheat, although none of these differences 
were significant. 
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There were no appreciable differences between the cooking losses of 
either the barley- or the wheat-fed birds as compared with those of 
the birds receiving yellow corn in the ration. There was slightly 
less cooked light meat, dark meat, and skin and subcutaneous fat 
on the barley-fed fryers than on the fryers receiving the other grains. 
This is to be expected in view of the lower body weights of these 
barley-fed birds. It should be noted that the percentages which are 
given for the uncooked and cooked parts of the left and right halves 
bascul only on half of the carcass. In order to determine the 
percentage of either the edible meat or bones for the whole carcass, 
the following formula may be used: 

Where .4=the percentage of either live weight, dressed, or drawn 
weight; 7?=thc average weight of either the light meat, dark meat, 
skin and subcutaneous fat, or bones; and C=thc average weight of 
the birds either alive, dressed, or drawn. Thus, the percentage of 
edible! light meat on the whole dressed carcass for the corn-fed fryers 
would be calculated as follows: 

2X136 2 

Percentage of edible light meat—^ = 18.8 percent. 

With the corn-h'd fryers, it may be calculated that 19.4 percent 
of the whole uncooked drawn carcass was cooked light meat, wdiile 
tlie same percentage was dark meat, with 5 percent ^Scin, 3.6 percent 
drippings (total 47.4 percent edible), and 15.8 percent cooked bones 
and iiK'dible. Tlie cooking loss based upon the drawn weight of 
the uncooked carcass was 17.0 percent. It should be kept in mind 
that thes(‘ percentages include only the two halves. The neck, 
abdominal fat, and giblets were not cooked. The two halves, how¬ 
ever, represented 81.4 percent of the edible carcasses of the birds 
receiving yellow corn. The cooking percentages for those receiving 
barley were approximately tlie same as for the corn-fed group. 

Table Mean palatability scores for light and dark meat of fryers and roasters 

fed corn, wheat, and barley 

FRYERS 


Intensity factors ! Desirability factors 


Ration 


Aroma 

Flavor 

I'ender- 

nes.s 

! 

Juiciness | Amora 

Flavor 

Juiciness 

_ 


Birds 

2 ^ 
h:) I O 

I 1 

JB 

bJL 

Light * 

f s 
a 

i 

Light s 

Dark » 

Light« 

Dark« 

1 t 

Js 

bt 

13 

Q 


NufU' 

1 










her 










Corn.. 

10 

3.87 4.:W 

4.20 

4.54 

5.09 5.20 

3.53 

4.03 3.63 4.08 

3.46 4.21 

3.61 

4.06 

Wheat., 

10 

3,70 3.89 

4.50 

4.:i8 

4.67 6.19 

3.61 

4.12 4.03 4.10 

4.18 4.47 

4.00 

4.31 

Barley. 

10 

3.81 4.07 

i 4.30 

4.44 

5.19 5.05 

3.54 

3.98 3.75 3.86 

4.11 4.10 

3.71 

4.16 

F value ". 


.2 2. H 

i 

‘ 1.6 

2,7 

1.5 .5 

.2 

.5 1.2 .2 

2.1 .5 

.5 

.5 


See footnotes at end of table. 
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Table 6. —Mean palatability scores for light and dark meat of fryers and roasters 
fed cornf wheats and barley —Continued 

ROASTERS 







Intensity factors 




Desirability factors 



Aroma 

I’exturo 

Flavor 

Tender¬ 

ness 

Juiciness 

i 

Aroma | 

Flavor 

Juiciness 

Ration 













1 









1 



- 


V _j 


2 

* 

;5 


R 

C 


V) 

U4 


Si 

£ 


S 

jut 

« 

§ 

t 

U 



1 


JUt 

S3 

•a 1 

& 


s 




Q 




Q 


Q 


a 


Q 


Q 

Corn., 

16 

4 59 

4 76 

5.81 

5 :i3 

5.24 

.5 08 

6 16 

5 41 

5 10 

4.90 

1 

5.13! 

4 93 

5.29 

5.01 

5.2o! 

4.82 

Wheat. 

17 

4 79 

4 91 

6 UO 

5 36 

5 25 

5 01 

6 07 

5 15 

5.09 

4.73 

6.331 

4 92 

5.30 

4 93 

5.11! 

4.84 

Barley. 

15 

4.69 

4. 73 

5.85 

“1 

5 :io 

5. 14 

4.94 

6.06 

5 04 

5 26 

4.92 

5 031 

4.(V4 

5.18 

4 47 

5.23| 

4.78 

/’value 




5 

.6 1 

_J 


.3 

2.2 

.3 

i •« 

! 1 4 

.9 

. 1 

2 3 

.1 

.3 


* I*ercei>tible to slitshtly proiumnoed aroma. 

2 Slightly to moderately pronounced flavor. 

» Slightly tough to moderately tender. 

* Moderately tender to tender. 

* Perceptible to slightly rich juciness. 

« Neutral to slightly desirable aroma. 

J Neutral to slightly desirable flavor, 

« Slightly to moderately desiralilo flavor. 

0 Dry to slightly dry. 

>" Slightly rich to moderately rich in juiciness 

For the difference lietween the moans in any column to Ix' significant the F value entered below the 
column must equal or exceed 3.04. (or the difference to Ihj highly significant the F value must equal or exc«‘ed 
4.71. 

Slight to moderately pronounced aroma. 

If Moderately fine to fine texture. 

Moderately pronounced to pronounced flavor. 

»* Tender to very tender. 

Moderately rich to rich Juiciness, 
o Slight to moderately rich juiciness. 

18 Moderately desirable to desirable aroma. 

IS Slight to moderately desirable aroma, 
sf Moderately desirable to desirable flavor. 

Slight to moderately desirable flavor. 

Moderately juicy to Juicy. 

« Slightly dry to moderately juicy. 

« Significant F value, 3.21; highl> significant F value, r> U. 


Palatability scores givcui in table (> show that there wore no signifi¬ 
cant differences in th<‘ intensity or desirability factors in respo(‘t to 
aroma, flavor, tenderness, or juiciness of the light and dark meats 
from the fryers rt'ceiving (*ith(‘r corn, wheat, or barley as the principal 
constituent of the ration. The greatest differences in the judges^ 
scores are found in (1) the intensity of aroma of the dark meat of the 
corn-fed fryers, which was scored slightly higher than that of either 
the wheat-or barley-fed fryers, and (2) tenderness, which was scored 
slightly higher in tlie corn-f(»d than in the wh(‘at-f(*d. Of the desira¬ 
bility factors, the aroma and juiciness of the li^ht meat of the wheat- 
fed groups w(T*e scored slightly higher than for eitlier the corn- or 
barle»y-fed birds. The flavor of the light im^at was also scored a little 
higher with those receiving corn. None of tlu'se differences was sig¬ 
nificant, however. 

It is worthy of note that Satorius and Child (13) found with beef 
that there was a high positive correlation between judges^ tenderness 
scores and shear force required to cut muscles. This fact indicates 
that a judge can estimate tenderness with accuracy without the aid 
of a mechanical shearing device. No positive correlation, however, 
was found between the quantity of press fluid, or ether extract of fat, 
and the palatability-juicini'ss character as scored by the judges. Other 
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palatability factors such as flavor-aroma which stimulate the flow of 
saliva were found to bo more important in affecting the judges’ score 
of juiciness than the fat content or the amount of press fluid. 

ROASTERS 

The dressing and cooking percentages of the edible and inedible 
parts of the carcasses of roasters were not appreciably different whether 
the birds received yellow corn, wheat, or barley, as will be noted from 
table 1. As with the fryers, the average dressed weight was appreci¬ 
ably less for the barley-fed groups than for the corn-fed. The birds 
receiving wheat also weighed less than those receiving corn. The 
percentage dressed weight of the live weight was somewhat greater 
with the birds receiving corn, as would be expected with slightly better 
fleshing. The percentage of total inedible parts was also slightly 
higher and the percentage of edible meat slightly lower in these birds 
than in those receiving (dtluT barley or wheat. There were no appreci¬ 
able difference's betwe(*n the percentages of edible cooked light flesh, 
dark flc'sh, and skin, although the corn-fed birds had somewhat larger 
amounts, followed in order by those fed wheat and barley. There 
was a somc'what grt'ater residue of drippings and juice from the 
corn-f('d birds, less from the barley-fed, and least from the wheat-fed. 
The inedible portion was slightly higher in the corn group, but the 
percentages were practically the same for all groups. Cooking losses 
varied a great deal within the groups, but seemed slightly higher 
with thos(' recc'iving wheat. All of these calculations are based upon 
half of th<' car(*ass and do not include the giblets, abdominal fat, or 
neck. To calculate the pc'rcentages for the whole carcass, the formula 
given for the fryers is used. Accordingly, 30.(> percent of the drawn 
weight was light meat in the corn-fed roasters while 22.2 and 6.6 
percent was dark meat and skin resp<'ctively (total 59.4 percent 
<'dibl(‘). with 3,2 pc'rcent residue or drippings and 7.6 percent cooking 
loss by ('vanoration. These percentages might be expected if roasters 
are cut in half for roasting; naturally they do not indicate the per- 
C('ntages that would be obtained if other roasting methods were used. 

The palatability scores for roasters given in table 6 show that there 
were no significant difh'rences in either the intensity or desirability 
factors as regards aroma, flavor, tenderness, and juiciness of the light 
and dark mi'ats from the birds receiving corn, wheat, or barley as the 
principal constituent of the ration. The differences between the 
average scores of the birds in the different roaster groups were even 
smaller than the differences between the fryers on tlu'different rations. 

The greatest differences between the average scores of the ju^es 
were in tenderness and desirability of flavor of the dark meat. The 
dark meat of the corn-fed roasters was considered slightly tenderer 
and of better flavor than that of the barley-fed roasters. In general, 
there was considerable variation in the judges’ scores, and therefore 
agreement could not be reached on whatever differences might have 
existed in the palatability of those roasters. It should be kept in 
mind that, although all* these birds were fed, managed, dressed, 
drawn, ('hilled, and roasted under uniform conditions there may have 
been some differences due to handling that affected palatability. 
For instance, if the bird did not bleed completely when killed, any 
blood remaining in the tissues might, after a few days holding, taste 
rather strong and affect the judges’ score of the flesh. However, 
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precautions were taken in an effort to get as complete drainage of the 
blood as possible. 

CONCLUSIONS 

There were no significant differences between the dressing and 
cooking percentages of the fryers and roasters receiving either wheat 
or barley as the principal constituent of the ration and those receiving 
yellow corn. 

A committee composed of nine judges could detect no appreciable 
differences in aroma, flavor, juiciness, or tenderness of either the light 
or dark meat from fryers and roasters receiving either corn, wheat, 
or barley in the growing and finishing rations. 
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THE INFLUENCE OF INTENSITY OF EGG PRODUCTION 
UPON INFERTILITY IN THE DOMESTIC FOWL‘ 

By W. F. Lamorecx 

Assistant poultry husbandman, New York (Cornell) Agricultural Experiment Station 

INTRODUCTION 

The eggs produced by breeding flocks of apparently noimal hens 
under systems of good management include various proportions which 
are infertile, the number sometimes ranging as high as 30 percent (IS) * 
of the total incubated. With small numbers of birds or under adverse 
<’onditions much larger proportions of the eg^ laid may be infertile. 
The causes of much, perhaps most, of this infertility remain unknown 
and additional knowledge concerning their control is essential to an 
adequate understanding of avian reproduction and to the diminution 
of such economi(^ losses as now nisult from the incubation of infertile 

The objects of the present experiment were (1) to determine whether 
d(‘gr('e of infertility is influenced by the intensity of egg production in 
the fowl, and (2) to st udy the bases for such a relationship if it exists. 

MATERIALS AND METHODS 

During the 5-year period, 1935 to 1939, more than 1,200 females 
and more than 100 males representing several different strains of 
White Leghorns W(>re U8(‘d for this study. These hens do not consti¬ 
tute a random sample since those previously shown by individual 
pt'rformance to be poor layers W(>re not placed in the breeding pens, 
'riiey are, therefore, comparable to better-than-average commercial 
breeding flocks and are excellent material for study of the practical 
aspects of infertility. 

A study of this nature is so complicated by various causes of 
infertility which are unknown or cannot be standardized, that the dis¬ 
covery of new facts b(*aring on the problem is possible only by the use 
of very larg<‘ numbers of birds and eggs. Even with the large num¬ 
bers considered in this study, a very few hens with excellent records 
of production have cnus(>d disconcerting irregularities in the results 
becau.se all, or nearly all, of their eggs were infertile from causes un¬ 
known, but probably not related to intensity of egg production. Such 
Ik'iis have nevertheless been included in this study because there is 
apparently no level of infertility above which it can be said that in¬ 
tensity of egg production exerts no influence. 

Artificial illumination was not used in the breeding pens until the 
January preceding the incubation season (February, March, and 
April) except in special matinp reported in table 5. Matings were 
made in pens having 1 male with 12 to 10 females. 

' Huw'ived for publication January 6, HMO. 

* Italic numbtTs in parentheses refer to Literature ("Ked, p 205. 
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The number of eggs laid, as p:iven in tables 1, 2, and 3, is assumed 
to eoual the number of eggs incubated. It is therefore subject to the 
usual small error in trap-nesting and marking the eggs, plus an error 
due to loss and breakage prior to incubation. Since 24,000 to 40,000 
eggs are considered in tables 1 to 3, it is believed that such errors 
would be distributed by chance and therefore not materially influence 
results, except perhaps in measurements involving size of clutch. 

Infertility was determined by candling the eggs (tables 1-4), or 
by appearance of the germinal disk of the broken egg after 18 to 25 
hours of incubation. By neither of these methods is one able to dis¬ 
tinguish between infertile eggs and ones with embryos dead at very 
early stages, but there is a practical limit to the embryonic ago at 
which fertility can be routinely determined. With the large number 
of hens involved in this study such errors are assumed to occur at 
random. 

EXPERIMENTAL RESULTS 

RELATION BETWEEN FERTILITY AND INTENSITY OF PRODUCTION 

The period studied each year extended from February 1 to April 30, 
the normal incubation season. By such a restriction one avoids the 
extreme fluctuation in the rate of production from season to season. 
The frequent occurrence of such variations suggests that any accurate 
measure of intensity must be based upon the egg production during a 
relatively short period of time. Individual incubation records for 
each hen were obtained for eggs laid during February, March, and 
April of 1935 to 1939, inclusive, and were studied by the use of the 
following three measures of intensity of egg production: (1) The 
number of eggs laid during a specified period of 6 weeks; (2) the 
number of eggs laid during each week of the incubation period; and 
(3) the number of eggs laid per clutch (number of eggs laid on con¬ 
secutive days). 

Number ok Kggs Laid During a (3-Week Period 

The number of eggs laid during a fi-week period was tabulated for 
each of 856 females. During the 5 years this 6-week period hdl 
between February 22 and April 14. Slight ditferences occurred within 
these limits from year to vear because of shifts in the hatching schedule. 
The periods did not include the fii'st and last hatches of the season, 
and periods for all hens during a given year were identical. Those 
hens which did not lay during each of the 6 weeks w^ere not included, 
because a true measure of their intensity would not have been obtained. 

Egg production by different individuals during the 6-week period 
ranged from 13 to 40 eggs, the mode falling between 29 and 33 eggs. 
It is clear that those hens which laid the greater number of eggs laid 
relatively fevrer infertile eggs (table 1). In each of the 5 years, eggs from 
those hens which laid from 13 to 22 eggs during the 6-week test 
period included the highest proportion of infertiles. In 3 of the 5 years, 
those hens which laid the most eggs (32 to 40) had proportionately 
fewer infertile eggs than did the poorer layers. When the percentages 
for the 5 years are averaged, the group of females which laid the fewest 
eggs is shown to have nearly twice as many infertiles (24.4 percent) 
as the birds in the group of best layers (13.0 percent). Because there 
are wide differences in the proportions infertile among eggs laid during 
different years, unweighted averages of the percentages obtained 
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during the different years have been used in this study. This prac¬ 
tice was employed to avoid giving unequal weight to those factors 
that influence infertility differently in different years. 

Table 1. —The proportion of infertile eggs produced by three groups of hens that 
laid 13~-22y 23-31, and 32-40 eggs, respectively, during a 6-week period, 1936-39 


Data for hens laying— 


Year 


13 to 22 eggs in 6 weeks 

23 to 31 eggs in 0 weeks 

32 to 40 eggs in 6 weeks 



Ifens 

Kggs 

laid 

Infertile 

eggs 

Hens 

Eggs 

1 laid 

Infertile 

eggs 

Hens 

! 

Eggs 

laid 

Infertile 

eggs 



Num¬ 

Num¬ 


Num¬ 

1 

Num¬ 


Num¬ 

Num¬ 

1 



ber 

ber 

Pei cent 

ber 

ber 

Percent 

ber 

ber 

I Percent 

JiWS . 


16 

320 

20.2 

102 

2,800 

18.2 

55 

1,844 

9.9 

1936 


11 

208 

41.8 

73 

2,009 

26 8 

68 

2,301 

18.4 

1937 - 


34 

657 

17 8 

1 125 

3,400 

12 4 

41 

1,307 

i 11.2 

nm 


10 

200 

12.0 

93 

2,074 

8 0 

48 

i 1,597 

i 8.8 

19.39 . . 


15 

288 

j 24.3 

104 

2.922 

12 6 

01 

2,040 

16.4 

Total 


86 

1,673 

I » 24 4 

1 

j 497 

1 13,985 

1 15 0 

273 

9,155 

» 13 0 


‘ Unweighted average of the percentages for the 5 years. 


Nttmber of Kogs Laid During a 1~Week Period 

The number of eggs laid during 1 week is a good measure of intensity 
because such a short piuiod of time excludes soirn^ error resulting from 
fluctuation of intensity during a longer period. Such error would be 
important if intensity of egg production influenced fertility in those 
eggs currently produced. 

Th(^ incubation record of each hen was divided into weekly periods, 
('.acli of which was assign(‘d to one of seven groups according to the 
number of eggs (one to seven) laid during that week. The first week 
of the incubation record was omitted in each case in order to insure 
adequate time for mating after the males were placed in the pens, 
and some of the later hatches were omitt(»d to avoid lack of uniform¬ 
ity in the length of the hatching season. Eggs included in these 
data were laid during February, March, and April. A separate 
study of the data for 1937 gave no indication that seasonal differences 
in infertility { 14 ) influence the distribution of infertility shown in 
table 2. 

Table 2~ -The proportion of infertile eggs produced by 1,084 hens during weekly 
periods in which from 1 to 7 eggs were laid, 1936-39 


I luftTtile eggs prcMiuced by hens laying the indicated num¬ 
ber of eggs during each week Weighted 



I 1 2 

3 

j 4 

5 

6 

7 

(all weeks) 


1 

Percent 

Percent 

Percent 

i i 

Percent 

Percent 

Percent 

Percent 

Percent 

1935. 

.32.5 

24.2 

25 0 

17.9 

15.5 

14.1 

9.2 

16.2 

1936 _ 

37.9 

3.5.1 

27.0 

27.7 

22.0 

20.0 

18.4 

22.1 

1937.... 

31.9 

23.9 

12.2 

16.0 

11.2 

10.4 

3.3 

! 12.0 

1938... 

2:4 3 

20.8 

1 17.4 

12 4 

9.8 

6.3 

16.3 

10.0 

19.39... . ' 

.30 3 

22,0 

15.7 

13.6 

10.8 

13.7 

11.7 

12.9 

Average (unweighted) 

31.2 

25.3 

19.6 

17.5 

13.0 

12.9 

11.8 

14 7 


Number 

Number 

Number 

Number 

Number 

JVttwiftcr 

Number 

Number 

Total number of eggs. 

212 

746 

2,073 

6,036 

14,490 I 

1 

11,442 

1,533 

36.532 


270900 -- 40 - 


3 








194 


Journal of Agricultural Research 


Vol.61,No.3 


The proportion of infertile eggs in each of the seven groups in each 
of the 5 years is shown in table 2. In each year the highest proportion 
of infertiles was found in the group of eggs laid at the rate of only 
one per week, whereas the smallest proportion was found in the groups 
that were laid at the rapid rate of five or more eggs per week. It can 
be seen that there are wide differences from year to year which are 
probably the result, directly or indirectly, of environmental changes, 
but the averages of the percentages of infertile eggs in the groups which 



FiGiJiiE Tilt* proportion of infertile e^gs in groujis of eggs which were laid 
at rales of from one to seven per week. Each column represents tin* average 
of the deviations from the mean for each of the 5 years (see text). The total 
number of eggs included in each group is shown in table 2. 

were laid at different rates show a striking and consistent decline as 
the rate of egg production increases. In the group of eggs laid at the 
rate of only one per week, the proportion of infertiles (31.2 percent) 
is nearly three times as high as in the eggs laid at the rate of seven 
per week, where it was only 11.8 percent. 

Because the percentages of infertility in the different years were not 
uniform, it is questionable whether tlie data for all 5 years should be 
combined. To overcome this diflSculty and to permit comparisons of 
infertility in the groups of eggs laid at different rates the following 
procedure was adopted. To remove the differences between years the 
percentage infertile (weighted average) among all eggs for any 1 year 
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was calculated and used as a base line. This percentage was then 
subtracted from the percentage of infertiles that year in each of the 
seven groups of eggs which were laid at rates of one to seven, respec¬ 
tively, per week. This was done with the data for each of the 5 years. 
Finally, the plus and minus differences thus obtained for correspond¬ 
ing groups (one to seven eggs) during each of the 5 years were aver¬ 
aged (unweighted) to show^ the average deviation in percent from the 
five means in the proportion of infertle eggs in each of the seven 
groups (fig. 1). 

This combination of the 5 years* data shows that the proportion of 
infertiles was less, by 19 percent of the total eggs, among those laid 
at the rate of seven a week than among those laid at the rate of one 
a week. Since among all eggs studied less than 15 percent were infer¬ 
tile (table 2) the columns in figure 1 further indicate that the propor¬ 
tion of infertiles among eggs laid at the rate of one a week was more 
than twice that found among eggs laid at the rate of five to seven a 
week. 

It must be remembered that nearly every hen is represented in two 
(»r more of the groups in figure 1 and that here the influence of intensity 
of production upon fertility is more accurately measured than in the 
longer periods considered in table 1, where all eggs from a given hen 
were grouped together regardless of changes in the intensitv of pro¬ 
duction. It is important to note that in this phase of the study 
greater extremes in the intensity of production (14 to 100 percent) 
were measured than are analyzed in table 1. Correspondingly greater 
differences in fertility are also shown, and when one considers the 
many uncontrolled factors contributing to infertility it is a note¬ 
worthy fact that the average infertility consistently declines with 
eacli increase of only one egg per week in the rate of production. 

Ncmber of Kckjs per Clutch 

The number of eggs per clutch, although an excellent measure of in¬ 
tensity, is more susceptible to error in an experiment of this type than 
is the number of eggs per week. If a hen lays four eggs per w^eek and 
one is lost or broken, the week*s eggs would be entered in the adjoining 
(*olumn. If, however, one egg is lost from a clutch of four, it may 
create two apparent clutches wdiich are removed one to three groups 
from the correct one. Obviously, the larger the clutch the greater 
the chance of such error occurring, and the more serious the displace¬ 
ment when it does occur. Nevertheless, the large number of eggs 
considered in this study should make apparent any marked relation¬ 
ship that may exist between size of clutch and degree of infertility. 
In considering the results of this study it is important to remember 
that errors in the data will tend to minimize rather than to magnify 
tlie apparent degree of such a relationship. 

Accordingly the incubated egp of 1,178 hens were tabulated with 
respect to the size of the clutch in which they were laid, and the pro¬ 
portions of infertiles in clutches of different sizes were calculated. 
All complete clutches laid during February, March, and April were 
included, wdth the result that larger numbers of eggs and somewdiat 
different levels of infertility are recorded in table 3 than in table 2. 
As with the two measures of intensity previously considered, the size 
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of clutch was also found to boar a distinct relationship to the propor¬ 
tion of the eggs laid which were infertile. The clutches which were 
small, indicating a low intensity of production, included a greater 
proportion of infertiles than larger clutches, the eggs of which were 
laid at a more rapid rate. 

Table 3." The 'proportion of infertile eggs among those laid in clutches of one to three 
and of more than three^ 1935-80 


Year 

Hons 

Eggs laid 

Infertile eggs in clutches 
of— 

DifTerence 

P (> 

/O (K)l 
/ 001 
Z 001 
/.(X)l 
Z.05 

1 to 3 eggs 

4 to 41 egg*? 

IftV) , _ 

1936. ... 

1937. .. 

Number 

217 

237 

245 

249 

230 

Number 

8 .739 

1 7.762 

! 7.914 

6 , 745 
9,192 

Percent 

18 3 
29 4 
13 3 
13 3 
12 1 

Percent 

12 1 
22 7 
10 6 
10 0 
10 . B j 

* 6 2 

6 7 

2 7 

3 3 
1.5, 

193S.... 

1939. __ 

Total---. -- - 

1,178 

40.352 


i . . ..1 

1 



1 1 


The data for the different years are not sufficiently homogeneous to 
be combined for the calculation of statistical significance of ilifferences 
between the eggs in clutches of different size. Accordingly, for each 
year the infertility of eggs laid in clutches of one to three (inclusive) 
was compared with the infertility of the remaining eggs (table 3). 
Although the number of eggs considered in each comparison is thus 
reduced to less than 10,000, these numbers were adequate to show 
that in each year 1.5 to 6.7 percent fewer of the total eggs were fertile 
in the small clutches than in the large. The proportion of infertile 
eggs was accordingly 14.6 to 29.6 percent greater in the small clutches 
than in clutches of four or more eggs. Although these differences are 
less striking than those presented in figure 1, tliey are nevertheless 
shown by the test to be highly significant. With odds of more 
than 999:1 against the occurrence by chance of the differences found 
in 4 of the 5 years, it is obvious that eggs from small clutches tend to 
be loss fertile than those from large clutches. 

Discussion 

A study of infertility in the fowl is simplified, as compared with 
mammals, by the fact that a comparatively accurate distinction can 
be made between infertility and early embryonic mortality. That it is 
nevertheless difficult to ascribe to any particular cause a sjiecific 
degree of infertility is shown by the diverse reports that age (f7, 23), 
temperature (f^) ^6*), breed {16)y size {29), disease {12), absence of 
genital papilla in males {9), preferential mating {28, SO), number of 
matings {8), selective fertilization (/, 7, 10), and tlie time elapsed 
after the last mating (7, 8, 18, 19) may all influence the percentage 
of infertile eggs produced. 

It is therefore desirable whenever possible to use more than one 
measure of a factor that is thought to influence degree of infertility. 
It has been pointed out that for each of the three measures of inten¬ 
sity used in this study the inherent errors of the data or the methods 
of analysis may modify the results. This is well illustrated by the 
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disagreement among previous reports, Chlebaipflf {5) expressed the 
opinion that the more intense the laving activity, the larger is the 
proportion of fertilized eggs laid, and vice versa. No data were given 
to substantiate this statement. Nicolaides {25) reported that of 26 
females laying an average of 17.7 eggs during an experimental period, 
the mean percentage of fertile eggs was 79.2 and 84.2, respectively, 
for those laying fewer or more eggs than the average. 

It was reported by Montemayor {24) that there is no definite rela¬ 
tion between production and fertility. His conclusion is based upon 
the incubation of 18,669 eggs during 280 hatches distributed through 
a 48-month period (1928-31). Eggs from three different breeds were 
incubated in 10 different incubators. Although he agrees with the 
observations of others that fertility is a matter of individuality, 
nevertheless he selected his eggs for incubation from the daily pro¬ 
duction of the flocks studied and calculated percentage production 
from the flock average. It is a well-recognizea fact that fluctuations 
in flock production are frequently merely a reflection of the proportion 
of birds whi(di are laying at a given time, and not necessarily any 
indication of the indiviauars rate of production. Such individual 
differences as existed could not be measured by this method of selecting 
eggs and therefore any relationship within the individual between 
rate of production and infertility could not be detected. 

After the preceding analyses ("tables 1-3) were completed, Funk {11) 
reported a study in which one of the three measures of intensity used 
here, size of clutch, was shown to be associated with degree of infer¬ 
tility. With methods much superior to those of Montemayor {24) 
he found that eggs from clutches of two to six eggs each included 5.2 
to 12.6 percent fewer infertilcs than those laid in clutches of one egg 
each. 

The use in the present study of data obtained over a o-yoar period 
from large numbers of both males and females has rendered inconse¬ 
quential such errors as are attributable to differences in the environ¬ 
ment and genotype of the birds. Inaccuracies arising from errors in 
trap-nesting, recording, and handling of the eggs are largely distrib¬ 
uted by chance in such large populations as those studied. The 
danger of drawing false conclusions from results obtained by a method 
which is handicapped by error in sampling has been minimized by 
comparing the results obtained by three different methods of measur¬ 
ing intensity. It is therefore higldy significant that with each of the 
three methods of analysis a markedly greater proportion of infertiles 
was found among those eggs which were produced during periods when 
the intensity of production was relatively low. 

The conclusion seems justified therefore that insofar as this relation- 
wship is concerned those details of poultry management which tend to 
induce maximum intensity of production during the incubation season 
will also tend to induce maximum fertility. 

STUDIES TO DETERMINE THE CAUSES OP INFERTILITY 

The mere fact that fluctuations in the rate of egg production are 
associated with measurable differences in fertility does not explain 
the reasons for this relationship. Since the degree of infertility obvi¬ 
ously cannot influence the rate of ovulation, it appears most logical 
that rate of ovulation directly affects the fertility of the eggs laid. In 
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searching for some basis for this relationship it was therefore suspected 
that the means bv which intensity of production may affect fertility 
is most likely to be some function of the ovary which varies directly 
with rate of ovulation. 

Two facts make it appear that different rates of ovulation are asso¬ 
ciated with the secretion of different amounts of hormone by the 
ovary. (1) It ha^ been shown by Corner (6*) that the probable site 
of secretion of estro'^en is the theca interna of the Graafian follicle. 
Marlow and Richert {21) have shown that the follicular membranes 
of fowl contain more than four times as much estrogen per unit of 
weight as the whole ovary with ova less than 6 mm. in diameter. 
(2) The observations of Warren and Conrad {31) show that the ova 
of the good layer develop at the same rate as those of th(^ slow layer, 
but that the rapid laytu* has at any one time more ova in th(‘ final 
stages of growth. Thus the hen which ovulates at a rapid rate* has 
a larger area of follicular (estrogen-secreting) tissue present in the 
body than has the hen which ovulates l(»ss fn^pjcuitly. That the vol¬ 
ume of theca int(‘rna is also gr4‘at(u- in the hen with many larg(» follicles 
than in th<‘ hen with few is obvious from tlu' fact that in th(‘ follicle 
of a very young oocyte* th(‘n‘ is no theca int(*rna {27). 

High levels of estrogenic hormone in the body might influence fer¬ 
tility in the fowl (1) by increasing the ability of the ova to be fertil¬ 
ized; (2) by prolonging the functional survival of sperm in the ovi¬ 
duct; or (8) by inducing greater sexual receptivity, or desire for copu¬ 
lation on the part of the female. All three of these possibilities wen* 
studied experimentally. 

Susceptibility of the Ov\ to Fki{tiliz\tion 

Susceptibility of the ova to fertilization is a characteristic which is 
not readily studied by direct methods. The inciden(*e of scattered 
infertiles among the fertile eggs following a single insemination sug¬ 
gests that it may be more difficult to fertilize some ova than others. 
How^ever, suitable methods of study might demonstrate that many 
such 'infertiles’' are actually fertile, the embryo having died at a very 
early stage of development. 

With the data obtained for this study only one nu*asure of the 
influence of estrogens upon the ability of ova to be fertilized is possi¬ 
ble, and that is effective only if very rapid elimination of the hormone 
from the body occurs following secretion. According to the exi)lana¬ 
tion given by Warren and Conrad {31), there should be a maximum 
number of large ova present in the ovary at the b(*ginning of a clutch, 
and a minimum at the end of the clutch, or when the last ovulation of 
a clutch occurs. There might, therefore, be slightly less estrogen in 
the body when the last two ovulations in a clutch occur than at the 
time of the first two. With this in mind the fertility of the first two 
eggs was compared with the fertility of the last two eggs in clutches 
of four or more. Such an analysis shows a difference of less than 2 
percent between the two groups for each of the 5 years studied (table 
4). Since the differences do not consistently favor either group and 
are obviously of no significance, it is clear that the position of the 
egg in the clutch does not influence its capacity for fertilization. 
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Table 4.— The proportion of infertile eggs among the first two and last two eggs in 
clutches of four or more^ 1936-39 






Infertile eggs in 

Year 

Pens 

Hen,s 

Clutches 

First 2 of 
clutch 

Last 2 of 
clutch 


Number 

Number 

Number 

Percent 

Percent 

J935 , - „ , _ J 

15 

217 

732 

11 5 

13.4 

193« - -- _! 

1 17 

237 

797 

23 0 

23 2 

1937 , - . - .1 

i 20 

245 i 

557 

10 9 

10 4 


' IH 

249 ! 

.580 1 

10 0; 

9 7 

1939 

21 

230 ; 

; 7.51 j 

9 2 1 

11 0 

Average (unweighted) 

~i 

i 


1 

12.9 i 

1 

1 


Functional Survival of Sperm in the Ovidx^ct 

It hiis been frequently demonstrated that the oviduct is conditioned 
for reproduction by estrogenic hormone secreted by the ovary. 
Ovariectomy f)revents this conditioning process. When a laying hen 
ceases to ovulate, marked atrophy of the oviduct occurs, indicating a 
marked reduction in the secretion of estrogens in the absence of large 
ovarian follicles. Tlie oviduct again hypertrophies at the onset of 
ovulation or following the injection of synthetic estrogen. Such 
conditioning may conserve the energy arul prolong the life of the 
sperm held in tiie oviduct, thereby prolonging the period of fertility 
following an insemination. 

To test this liypothesis two experiments' were made. First, two 
similar grotips of hens were artifically inseminated by the method of 
Burrows and Quinn (4) and the duration of fertility determined. 
Each female was inseminated with 0.1 cc. of the mixed semen obtained 
from several males. This was twice the amount reported by Burrows 
and Quinn iS) as giving normal fertility, but it was used in this 
experiment to avoid fluctuations such as might be expected from 
marginal dosage. The hens of one group were given supplementary 
estrogen ^ to ascertain its influence upon sperm survival. Since the 
hormone might be expected to increase the fertility of hens that lay 
at a slow rate to the approximate level of fertilitv of hens that lay at 
a rapid rate, only those hens are compared in table 5 wdiich laid at a 
rate of less than 55 percent (of the assumed maximum of one egg daily) 
or more than 70 percent. These levels of selection were used because 
they most nearly divide the populations of the larger groups into 
thirds. The fact that noninjected controls showed slightly longer 
duration of fertility (table 5, battery 2) than those receiving the sup> 
plemeutary hormone suggests that estrogen does not prolong the life 
of sperm in the oviduct. 

Because of the small number of hens wdiich laid at a slow rate, a 
second study (also reported in table 5) was made by comparing the 
duration of fertility of those hens which lay at a relatively slow rate, 
and therefore presumably secrete less hormone, with nens which 
ovulate at a rapid rate. Hens in pen F-tU (not in cages) were em¬ 
ployed for two tests. It is of interest to note that each of the four 
groups (table 5) w^hich laid at a rate of less then 55 percent laid fertile 

* The hormone used was I*rogynon-B (estradiol benzoat^e) kindly furnished by Dr. Max Gilbert, of the 
Schering Corporation, Bloomfldd, N. J. 
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eggs for a shorter average time than the groups of hens which laid at a 
rapid rate. Because part of the hens kept in cages were injected with 
hormone and also because the group as a whole included relatively few 
hens which ovulated at a slow rate, they should not be used in a sta¬ 
tistical test for the significance of correlation between the rate of 
ovulation and the percentage of eggs laid wliich were infertile. This 
reduces the number of individuals available, but for the 52-hen tests 
remaining (table 5, F-61) there exists a correlation coefficient of 
0.29 ±0.13 between rate of egg production and duration of fertility in 
days. Inasmuch as there is a probability of less than 5 percent that 
such a relation may have resulted by chance, it may be concluded that 
sperm tend to survive somewhat longer in the oviducts of rapid than 
of slow layers. 


Table 5. — Duration of fertility following artificial insemination of hens that laid 
at a slow or at a rapid raiCj as affected by supplementary estrogen 





Hens with produc- 

Hen.s with produc- 




lion > 55 percent 

tion < 70 percent 



Produc¬ 
tion ‘ 





Oroup or pen 

Hens 1 


Dure- 


Dura- 




Number 

tion of 

Number 

tion of 

j 

1 



fertility 


fertilit.\ 


1 

Number 

Percent 

i 

1 

Days 


Pays 

Battery 1 injecte<i 2... 

16 

(i.'i 4 

2 

8 5 

10 

to 7 

Battery 2, controls ... ... 

2.1 

60 0 

5 

8.8 

13 

12 2 

F-dl, first tast 

2« 

03 0 

lU 

10 5 

12 

i 14 3 

F-fil, second test . . 

2-1 1 

.W 8 

0 

__ M 

L. 

10 3 

Average (unweighted) ..... 

i._.. 1 



1 'j 

1 

l” 

1 11 0 

1 


I N li mber o f eggsXKK) 

Number of daysXhens 

* Injected with 100 rate units l*rogynou-B dailj beginniim 2 days before insemination. 


Induction of Sexual Receptivity 

Observations in this laboratory and the published results of others 
show that in some hens fertility declines rapidly following insemination. 
With such individuals, relatively frequent mating is obviously neces¬ 
sary if the highest possible proportion of the eggs laid are to be fertile. 
That a high degree of infertility may be due to a lack of sexual recep¬ 
tivity on the part of the female is indicated by the following experiment. 

During the 1939 incubation season there were 11 hens in the breed¬ 
ing pens at Cornell University which wore laying few, if any, fertile 
eggs. These hens were therefore inseminated artificially with semen 
from the respective males with which they had been mated. The pro¬ 
portions of fertile eggs among those laid during the 10 days previous 
to artificial insemination, and from the second to the eleventh day 
after the first artificial insemination, were as follows: 

Before artificial insemination 80 eggs, 2.5 percent of which were 
fertile. 

After artificial insemination 138 eggs, 60.9 percent of which were 
fertile. 

The fact that the hens in this experiment laid fertile eggs following 
insemination strongly suggests that the previous infertility was a 
result of failure to copulate. These data do not show that the female 
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was wholly responsible, but since it has previously been shown that 
matings are largely controlled by the female {22j 28), it is apparent 
that desire for copulation on the part of the female has a marked 
influence upon the fertility of the eggs laid. 

It is mierally believed that nonlaying hens mate infrequently, if 
at all. This, in addition to the above results, suggests two questions 
concerning the method by which frequency of ovulation can influence 
infertility. (1) Are hens which lay most rapidly more fertile because 
they copulate most frequentlv; (2) Can the frequency of copulation 
be increased in the laying and nonlaying hen by injections of synthetic 
estrogen? 

Data have been obtained by two authors which furnish a specific 
answer to the first of these questions. By rearranging the data of 
Wilkins ^ and llcuser ® the summary in table 6 was obtained to show 
the average number of copulations made by hens which do not ovulate, 
or which ovulate at a moderate or a rapid rate. 

Expressed in a different way, Heuser found a coefficient of correla¬ 
tion of 0.609 ±0.109 between the number of matings and the rate of 
egg production. These observations make it very clear that those 
hens which ovulate most rapidly also copulate most frequently. 


Table 6. —Rearrangement of data from Wilkina and from Ileuser {see text) to 
compare number of eggs laid with the average number of copidations made by 
hens that ovulated rapidly, moderately rapidly, or not at all. 


Investigator and length of exiMTirnental iH»ri(Ml 


Wilkins, 18 days 
Heuser, 13 days_ 


lions 

1 

Kgg.s laid 
(avorage) 

Copula¬ 
tions (awr- 
agc‘) 

Number 

Numl}er 

1 ’ ' 

Number 

11 1 

0.0 

4.1 

10 

6 2 

13.3 

13 

13 6 

22 8 

4 

.0 

2.0 

15 

4.2 

14 0 

17 

! 

9.4 

1 

21 8 

1 


To study the second question, concerning the influence of synthetic 
estrogen upon rec(»ptivity of the female, an experimental pen was 
assembled which included three immature pullets 15 weeks of age, 
three nearly mature but nonlaying pullets, four pullets which had 
recently started to lay, four yearling hens which were laying at a rapid 
rate, and three hens from a strain bred for low fecundity (13) which 
were genetically incapable of ovulating during September under 
nomial conditions. 

Males were placed with these birds during observation periods of 
4 to 5 hours per day and the mating reactions recorded on Septem¬ 
ber 17, 19, 20, 21, 22, 25, 27, 29, 30, and October 1. Following observa¬ 
tions on September 20, and daily thereafter for 11 days, some of the 
females were injected (intramuscularly) with 100 to 1,000 rat units of 
Progynon-B (estradiol benzoate). 

The daily dosage of 1,000 rat units of estrogen was considered quite 
large for a hen, since the injection of 900 to 1,500 rat units during 30 
hours will regularly induce oestrus in the ewe (20). However, with 

* WILKI^^8, R. H. SOME FACTORS INFtlTENaNG THE FERTILITY AND HATCRINQ POWER OF EQQS OF THE 
DouESTtc FOWL. (Thesis, Cornell Univ.) 1916. 

* Heuser, Q. F. a study of the mating behavior of the i>ombstic fowl. (Thesis, Cornell Univ.) 
1916. 
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one exception there appeared to be no relatioiiship between tlie amount 
of honnone injected and frequency of copulation among the laying 
hens. The 15-week-old pullets showed no desire to copulate at any 
time and the largest number of copulations made in the 11-day period 
by any of the nonlaying yearling hens was only throe. 

It is not probable that this apparent inability of estrogen to induce 
copulation was a result of insufficient dosage. In those hens which 
were not laying there was a marked hypertrophy of the oviduct 
following injections of the honnone (fig. 2). Although the resting 
oviduct attainc'd a weight ,during this 12-day experiiiuuit of only about 
one-half that of the oviduct in a laying hen, certainly such marke<l 
stimulation given to hens already moderately stimulatt‘d by an active 
ovary should affect frequency of copulation if estrogens were the 
primary cause of sexual receptivity. 

Discussion 

The fact that no significant difference in fertility was found betw('(Mi 
the first two and last two eggs in a clut(‘h (table 4) substantiatis tlu' 
recent conclusion by Funk {11) that ^*The position of the egg within 
a given clutch apparently is not related to fertility.” 

The consistently longe‘r duration of fertility in the hens which ovu¬ 
lated most rapidly (table 5) and the significant coefficient of corrtda- 
lion between rat(‘s of ovulation and duration of fertility in th(‘ hens of 
K-()l show that spermatozoa probably surviv(‘ long(»r, on the av<»rag(\ 
in those hens which ovulate rapidly than in thos(» which lay at a slow 
rate. In a similar experiimait report(‘d by Warren and Kilpatrick {S2) 
hems which laid at a rate of fit) perc(»nt or mon* had an avei‘age duration 
of fertility ].fi4 days longer than that of h(*ns laying at a rat(' of l(‘ss 
than fit) percent, but this di/lerence was not considered significant. 

The idea may b(‘ infernnl from much of the literature concerning 
sexual behavior in the fowl that because copulation occurs so fri‘- 
qu<‘ritly and th(* a verage duration of fertility may be mor(‘ than 1 week, 
the frequency of copulation is not a limiting faidor in th<» practical 
attainment of maximum fertility. That it is actually of considerable* 
importance is shown, however, by the impiov(‘d fertility obtaimal in 
Ihe writer’s experiments following artificial insemination of hems which 
were quite infertile* when mated naturally with the same males. The 
value of frequent matings was also shown by C'urtis {8), who found 
that although more than one mating did not l(*ngthen the duration of 
fertility, it di<l increase the proportion of the eggs laid which wen* fer¬ 
tile from 72.fi to 83.3 percent. The* additional fact that the sperma¬ 
tozoa of a new male quickly supplant those of a pr(»ceding male (7, 32)^ 
is indirect (*videnc(* that sp(*rm, though long-lived, retain maximum 
efficiency for a relatively short time. 

One limiting factor affecting the average f(*rtility in a flock is, not 
the average frequency of copulation by all birds, but rather the mini¬ 
mum numb(u* of copulations by the f(*w birds that pull down the flock 
average. Tin* obs(*rvations of Wilkins ® show that it is not uncommon 
for some laying hens to mate only once in two or more days. Since 
some natural matinp are infertile {22^ 25) the actual time between 
effective matings is longer than observations indicate. 


«Sec footnote 4. 
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Fkjuhe 2.—The oviducts (without vagina) of three nonlaying White Leghorn 
yearling hens: A, Control, weight 3.6 gm., length 25.6 cm.; injected with 500 
rat units of Progynon-B daily for 12 days, weight 4.4 gni., length 31.5 cm.; C, 
injected with 1,000 rat units of Progynon-B daily for 12 days, weight 20.2 gm., 
length 53.0 cm. 
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Anoilior limitation upon fertility of the flock results from the ina¬ 
bility of some females to maintain fertility more than 2 or 3 days aftei* 
a single mating. Curtis (8) found the efuration of fertility following 
copulation to be as short a time as 2 days. Kaupp {18) reported a 
decline of fertility after 3 days following removal of the male. Bon¬ 
nier and Trulsson {^) found that on the second day after artificial 
insemination a larger proportion of fertile eggs was obtained than on 
subsequent days. Similar results were obtained with two groups of 
hens in this study (F-61, table 5). The hens of one group were arti¬ 
ficially inseminated once and gave higher fertility (100 percent) on the 
second day following than they gave later. Hens of the other group 
were inseminated on each of 2 consecutive days. Eggs laid the third 
day after the first insemination were lost, but the records for other 
days show that fertility declined after reaching a maximum of 94.7 
percent on the second day. 

Among the hens which copulate frequently the duration of fertility 
following mating can have relatively little influence upon the pro¬ 
portion of the eggs laid which arc infertile. The results of this study 
indicate that the principal reason for the high level of infertility 
among eggs which are produced at a slow rate is the tendency for 
liens to copulate infrequently during periods of infrequent ovulation. 
Just how sexual receptivity is controlled by tht^ rate of ovulation, or 
by those factors which influence rate of ovulation, remains to be 
determined. 

SUMMARY 

An analysis of the incubation records of mor(». than 1,200 hens was 
made to determine the relationship bctwcHui the proportion of ('ggs 
laid which are infertile and the rate of e^g production. 

The hens which laid 13 to 22 eggs during a G-week period produc<»(l 
a larger proportion of infertile eggs during that time tlian birds which 
laid at a more rapid rate. 

The ^gs laid during weeks when one to seven eggs were laid showi^d, 
respectively, a degree of infertilit}’^ which was inversely proportional 
to the number of eggs laid per week. 

The proportion of infertile eggs was significantly higher among 
those which were laid in clutches of one to three eggs than in those' 
laid in clutches of more than three. 

During periods when the rate of ovulation is low, hens copulate h'ss 
frequently and probably have a shorter duration of fertility following 
insemination. These two factors, particularly the first, are believed 
to be responsible for the high level of infertility among eggs laid dur¬ 
ing periods when the intensity of production is low. 

The duration of fertility following artificial insemination was not 
prolonged by daily injections of 100 rat units of Progynon~B per bird. 

Sexual receptivity in the fowl was influenced only slightly, if at all, 
by 12 daily injections of 100 to 1,000 rat units of Trogynon-B. 
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THE CYSTINE CONTENT OF ELEVEN VARIETIES 
OF SOYBEANS ‘ 


By T. S. Hamilton, associate chief in animal nutrition^ and F. I. Nakamura* 
assistant in animal nutrition, Illinois Agricultural Experiment Station 

INTRODUCTION 

The soybean {Soja max (L.) Piper) is fast becoming a factor of major 
importance in American agriculture. A valuable crop to the agrono¬ 
mist, a source of raw materials for many industrial commodities, 
such as glue, plastics, paint, artificial wood, etc., as well as a valuable 
feed and food supplement for both man and animal, the soybean oc¬ 
cupies an important place among the cultivated crops in many parts 
of the world. While soybean hay, whole soybeans, and soybean oil 
are valuable foodstuffs, the proteins of the beans are of chief interest 
and importance so far as the nutritive value of the crop is concerned. 

By 1925, 1,133 varieties had been described, and of these more than 
100 named varieties are widely grown or are being distributed in the 
United States {16)} Some varieties are useful for their oil content or 
for their feeding value for animals. Ho>vever, a number of the newer 
varieties are valuable as food for human beings. Woodruff (28) of 
the University of Illinois has tested 467 varieties of edible soybeans 
for tlieir eating qualities and has rated 6 as very good and 70 as good. 

The value of soybeans or soybean oil meal, or of any feed, as a 
source of protein to the animal body depends not only upon the total 
amount of protein present, but also upon its digestibilty and biological 
value when consumed. That the total amount of protein in a sample 
of soybeans may vary widely, depending upon the variety, soil fer¬ 
tility, climatic conditions, etc., has been shown by a number of in¬ 
vestigations. References to investigations of this nature to 1938 may 
be found in a review^ by the Soybean Nutritional Research Council {10), 

Osborne and Campbell {19) isolated several types of proteins from 
soybeans and gave to the principal one, a globulin, the name glycinin. 
Tins protein amounted to 10,6 percent of the meal or between 80 and 
90 percent of the total protein [iresent. They also obtained evidence 
of the existence of another globulin which w as even more soluble than 

f jlycinin. In addition to these two globulins there were isolated a 
egumelin, amounting to about 1.5 percent of the seed, and a small 
amount of proteose. 

A number of investigations {9, 12, 14f 15) have indicated that the 

K roteins of raw (usually defatted) soybeans have a low nutritive value. 

litchell and Smuts (l5) and, later, Shrew^sbury and Bratzler {22), 
Hayward, Steen bock, and Bohstedt (8), and Smuts and Marais {23) 
have shown that the amino acid limiting the utilization of the absorbed 
nitrogen from soybeans was cystine. 
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In view of these findings and the wide variations in the protein 
content of different varieties of soybeans, it is of interest to examine, 
in more detail, the chemical nature and, in particular, the cystine 
content of different varieties of soybeans. Unfortunately there has 
been but little work done on the methionine content of these beans. 

Osborne and Clapp (20) analyzed glycinin and found the amino 
acid content to be similar to that of casein. They reported, however, 
no cystine values for the isolated protein. Csonka and Jones (4) fl'lso 
analyzed the glycinin from the seeds of several varieties of soybeans 
for cystine, tryptophane, and tyrosine. These workers reported a 
variation in the cystine content between 0.74 percent for the Illini 
variety and 1.45 percent for the Manchu variety. Csonka, Murphy, 
and Jones (3) presented evidence which indicated that glycinin, as 
ordinarily prepared, was not an individual protein and Csonka and 
Jones explained the wide variation in the cystine content of their 
different glycinin preparations on the basis of variations in the relative 
proportions in which the different globulins comprising the glycinin 
fractions were present in the different varieties of soybeans. 

Later (5), Csonka and Jones, after failing to obtain satisfactory 
cystine determinations on defatted soybean meal, determined the 
cystine content of 10-pcrcent sodium chloride, extracts (containing 
85 to 90 percent of the total nitrogen of the meal) of six varieties of 
soybeans. At the same time tryptophane and tyrosine were deter¬ 
mined directly on the defatted meals of the sann^ varieties. Using a 
modification (2) of the Sullivan (24) method, they found variations 
in the cystine content of the defatted meals of from 0.287 perctuit for 
the Illini variety to 0.491 percent for a Herman variety. 

Sasaki (21) analyzed soybean protein for several amino aedds but 
reported no values for either of the sulfur-containing amino acids. 
Mashino and Nishimura (13) studied the nitrogen distribution, by the 
Van Slyke method, in the defatted beans from two varieties, Tsur- 
unoko-daizu and Machurian, the latter of which was analyzed in the 
unheated and heated states after the oil had been removed either with 
solvent or by pressure. They found but little variation in the nitrogen 
distribution of their samples and reported an average of 1.74 percent 
of cystine nitrogen. Earlier, and also using the Van Slyke method, 
Hamilton, Uyei, Baker, and Grindlcy (7) reported an average value of 
1.46 percent in Medium Early Yellow soybeans, and Nollau (17) re¬ 
ported 1.52 percent, both values being cystine nitrogen expressed as a 
percent of the total nitrogen. 

Baernstein (1) found, in his study of a number of proteins, that 
soybean glycinin contained 1.84 percent methionine. The methionine 
sulfur amounted to 47.2 percent of the total sulfur. However, 
Torniyama and Hanada (25) were able to isolate but 0.08 percent of 
methionine from dry, ash-free soybean protein. 

The study to be reported here is concerned with the cystine content 
of 11 varieties of soybeans, all grown in the same year (1933) on a small 
plot of ground, the soil of which was very uniform. The beans were 
taken from groups of plants systematically replicated 10 times over 
the entire plot.^ 

* These samples were furnished by Prof. C. M, Woodworth of the Department of Agronomy. 
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PROCEDURE 

Each of the 11 varieties of soybeans used was clean and well cured ' 
when received. The beans were first ground, avoiding the generation 
of heat, so as to pass through a 40-mesh sieve. In a few cases the 
beans were ground even finer. The method of preparation of a fat- 
free, carbohydrate-free protein sample was similar to that used by 
Hamilton, Nevens, and Grindley (6)^ with only slight modifications. 
In this procedure triplicate ]5-gm. samples of the finely ground, dry 
beans were thoroughly extracted, first with absolute ethyl ether, then 
with absolute ethyl alcohol. These extracts were discarded after they 
were found to be practically free of nitrogen. 

The residues from the ether and alcohol extractions were then ex¬ 
tracted with dilute sodium hydroxide solutions. Eight to ten extrac¬ 
tions, using 400 cc. of 0.1-percent Sodium hydroxide for each extraction, 
were first made. Then extractions were made in which 200 cc. of 
1-percent sodium hydroxide was used for each extraction. These 
extractions w(‘r(‘ continued until the extract no longer gave a test for 
protein, usually 0 to 8 (extractions being necc'ssary. Centrifuging and 
decanting wen* us(*d to separate (‘xtract from residue. Each extract 
was immediatc'ly neutralized with acetic acid after being decanted. 

The combined extracts from each sample were then carefully con- 
c<*ntrat(Hl to about 200 cc. An equal volume of contrntrated hydro¬ 
chloric acid was added and th(‘, protein liydrolyzcHl by gentle boiling 
under a reflux condiuiser for about 20 hours. The hydrolyzate was 
th(*n cautiously (‘oncentratc'd in a beaker to about 125 to 150 cc. and 
neutraliz('d with 40-percent potassium hydroxide solution. After the 
solution was made bandy acid to litmus, 2 to 8 gm. of norit were added, 
and the mixture boihxl g(*ntly for a f(*w rainut(*s. The norit was 
filteivd ofT and wash(»d with hot water. After the filtrate had stood 
overnight, it was again treated with a small amount of norit. The 
solution thus obtaim'd was cl(»ar and slightly ycdlowish, but this color 
did not seem to interfere with tin* colorimetric ('stimation of cystine. 

Cystine was determined in the extracts by Lugg’s {11) modification 
of the Sullivan {2/^) method. 


RESULTS 

The results of this study are presented in the accompanying tables. 
Table 1 gives the usual chemical analyses and table 2 gives the results 
of the cystine determinations on the 11 varietic's of soybeans. The 
routine chemical (warnination shows a considerable varietal variation 
between the samples, this being particularly true of the protein 
(*ont(Uit. The percentagi* of protein (total nitrogen X 6.25) varied 
from 35.88 (Peking) to 43.69 (Manchu), av(*raging 39.11 for the 
11 varieties. The ethcM' ('xtract varied from 16.07 (Ito San) to 19.16 
(Mansoy), averaging 17.86 p(‘rcent for all varietii's. Since tln^se 
yarieth^s had about the same moisture content and since all were gi*own 
in the same year on uniform soil in a small plot of ground, the differ¬ 
ences observ(*d strongly indicate varietal difference's of considerable 
magnitude. 
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Table 1. — Percentage composition of 11 varieties cf soybeans grown in Illinois and 

harvested in lf)SS 


Variety 

Moistire 

Crude 

protein 

Ether ex¬ 
tract 

Crude 

flbt^r 

Nitrogen- 

free 

extract 

Ash 

1'otal 

nitrogen 

mini ... _ 

7.06 

37.75 

18.82 

4.37 

27. 28 

4.72 

6.04 

Ohio 13-177--- 

7.04 

.38 31 

18. 75 

4 54 1 

26.32 

5.04 

6 13 

Harbinsoy--. _ - . 

7 12 

39 69 

18 45 

4 24 1 

25. 50 

5.00 

6 3ft 

Virginia 

6 KO 

38.81 

17 90 

4. 65 j 

26.71 

.').04 

6. 21 

Mansoy- . . .j 

7.17 

36. 2ft 

19.16 

4. 41 ! 

27.84 

5. 17 

5.80 

Ito San - . - 

6 68 

41.44 

16.07 

3.97 

26.74 

5.10 

6.63 

Dunfleld 

1 6 73 

36. 38 

17 62 

4 12 

30 45 

4.70 

5. 82 

Manchu. - 

i 7 34 

1 43.69 

17 80 

3 69 

22 44 

6.04 

6 99 

Peking 

1 7 20 

35.88 

17 38 

5 03 

29.41 

5 10 

5 74 

Mandarin. 

' 7.82 

41.44 

16 66 

4 12 

24.92 

5 (H 

6 63 

Morse _ _ 

; 7.41 

40 56 

1 17 91 

3 97 

25 02 

5. 13 

6. 49 

A verage. 

7 13 j 

39 11 

17 86 

1 4.28 

26 61 

ft 01 

1 6 26 


Table 2. —Cystine content of 11 varieties of soybeans 







j ('y.stine content 





'rotal m- 


1 1 



Variety 



! frogen ex¬ 
tract e<i 

In w'hole 

1 Cystine ni- 1 

1 trogen as fH*r-] 

Cystine per 
gram of ni¬ 
trogen 






soybeans ' 

' eentof total ' 
j nitrogen ' 





Percent 1 

Ptreent 

Percent \ 

MiUtgraihs 

mini - 




, 96 u: 

\ 0 366 

0 69t> : 

ftt) 7 

Ohio 13 177 




99 1 

266 

433 ' 

42 3 

Hariiinso.v - . 




92 8 

25t'. 

4ti4 

39 8 

Virginia 




96 5 

' 213 

38ft 1 

33 1 

Mansoy . 




95 5 

1 5.5.3 

1 IM2 

89 4 

Ito San . - 




' 90 8 

! 413 

703 ' 

(50 3 

Dunfleld 




97 9 

; 439 

8.58 

7.3 7 

Manchu 




; 99 4 

1 451 

742 

tW 7 

I'eking 




95 6 

' 276 

.564 

48 4 

.Man Iann- .. 




94 4 

,507 

848 , 

72 S 

M orse 




99 2 

. 346 

617 

.53 0 

Averasre 




96 2 

l' ~371 

668 ' 

.57 S 


> The eoclTlcients of \ariability for duplieate or more determinations on the .same \ariely (the mindier of 
separate <iet(‘rrninations rmwle on th<‘ same \anet> are imlieated by tin* numbers in parentheses) were as 
follows mini (a) 2.^1 percent, Ohio CA) 2At, flarbinsoy (!)) (5 2. \'irniriia (2) .'t 7, Manso> (3) 0 W, Ito San (3) 3 4 
Diinfleld (3) ft 7, Manchu (3) 2 7, I’ekiiui (3) ft 4, Mandarin (2) ft 1, and Morse (2) 0 KO 
^ The extraction procedure in this case was modified by usiim a 2-iK‘r(‘<'nt trichloraixdtic acid extraction 
after the alcohol extraction and then iirecipitatini; the protein extracti'd with colloidal iron 

It may be noted from table 2 that the eystine (bdcmninations Wf're 
made on ('xtraets wliieli contained on an averap^e 96.2 percent of the 
total nitro^c'Ti in the whole beans. In only 2 of the 11 samples was 
then' less than 93 percc'nt of the total nitrogjc'n in the extract. 

Rej^ardless of tlu' manner in wdiich the cystine is ('Xpresst'd, i. e., 
as a percent of the whole s(‘ed, as cystim* nitrogen in pc'rcent of the 
total nitrogen, or as milligrams of cystiiu' per gram of total nitrogen, 
there are large' and significant differences. The percentage' of cystine 
in the whole see*el varie'd from 0.213 (Virginia) to 0.553 (Mansoy). 
The percentage e)f the' total nitrogen which was cystine nitrogen varied 
from 0.385 (Virginia) to 1.042 (Mansoy), that of Mansoy be'ing ne'arly 
200 percent greater than that of Virginia. Expre^sse'd as milligrams of 
cystine per gram of total nitrogen, the variation was 33.1 (Virginia) 
to 89.4 (Mansoy). 

Because of the comple'te'iu'ss with which the total niti-ogen of the 
beans was extracted, the cystine values reported here should repre- 
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sent more accurately than any heretofore published the actual amount 
of this amino acid present in the whole bean. The only previously 
reported results with which the results of tiiis investigation may be 
compared, are those reported by Csonka and Jones (5), and even here 
the samples were not exactly comparable since Csonka and Jones 
analyzed a 10-percent sodium cliloride extract (containing 85 to 90 
percent of the total nitrogen) of the defatted meals. And of course 
difference in soils and (mvironment might also add to any differences 
observed. Nevertheless, there were two varieties studied by both 
laboratories. Csonka and Jones reported 0.287 percent of cystine in 
defatted meal from Illini beans, while 0.451 percent of cystine may be 
calculated to hav(^ Ixmui present in the fat-free beans analyzed by the 
writc'rs. Similarly, Csonka and Jones found 0.388 percent and the 
writers found 0.334 percent of cystine in the fat-free Peking variety. 
That there is probably a higher content of cystine in the glycinin frac¬ 
tion than then' is in the entire mixed proteins of the soybean, is indi¬ 
cated by ('Sonka and Jones {4)y w-ho reported 0.74 and 1.45 percent 
cystine in the glycinin from the Illini and Manchu varieties, respec¬ 
tively, while the writers found but 0.366 and 0.451 percent of cystine 
in the whole beans of the same varieties. 

While the results of the present study, as well as those of previous 
investigations, strongly indicate considerable varietal differences with 
H'spect to tlu' evstine content of soybeans, the effects of other factors 
should not be ov('rlook('d. The same varieties grown in a single 
location may also vary considerably from year to year. O'Kelly and 
(liegi'i* {tH) found, over a 7-year period, variations in the protein 
content Ix'tween 35.55 and 40.67 percent for the Lon'do beans and 
b<'tw(»(*n 39.91 and 44.64 percent for the Mammoth Yellow variety. 
That other envdronin<*ntal conditions, such as rainfall, fertility of soil, 
and t('mperature, may cause large differences in the protein content 
of tlu' same variety has been shown by Webster and Kiltz {26), 
The.se investigatoi’s r('port('d the pnitein content of four varieties of 
soybeans grown in two diffc'rent counties of Oklahoma. Considerable 
variation was found in all varieties, but by far the greatest was that 
e.\hil)it('d by the Lori'do Ix'ans that contained 35.00 percent of pro- 
(('in wlx'ii grown in (h'aig County and 47.50 p(*rcent when grown in 
Payne (\)uiity (at Stillwater). 

Thus, while wuh* differences observed in this study in the cystinc' 
eont(‘nt of diffc'iH'nt varit'ties of soybeans probably represent true 
varietal difference's, th(' above-mentioned studies, indicating that 
(‘uvironmental factors may cause wide differences in the protein 
content of the same' variety, suggest the probability that the small 
diffen'uces observed in the cystine content of different varieties may 
not be true varietal differences. 

Since the mixed proteins, rather than isolated prot<'ins, are used 
most oftc'ii as human and animal foods, these values on tlu' cystine 
cont(*nt of sev('ral common varieties of soybeans should Ix' of interest. 
Also since cystine' has bee'ii shown to be the limiting amino acid in 
the utilization of certain soybeans, a knowledge' of the varietal varia¬ 
tion should be of value to "all intereste'd in using soybeans as a pro¬ 
tein supplement. It is conceivable, on the basis of their cystine 
content, that certain varieth's would find their greatest value for 
feeding purposes while other varieties may be grown for industrial 
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purposes. For those varieties in wliich cystine has been shown to be 
the limiting factor in the utilization of their protein, it is obvious 
{27) that methionine also must be present in insufficient amounts to 
satisfy the combined requirements for both sulfur-containing amino 
acids. 

Although Baernstein {1) reported the presence of 1.84 percent of 
methionine in glycinin from soybeans, little is known concerning the 
variation of this amino acid in different varieties of whole soybeans. 
It is, however, rc'asonable to suppose that there exists among different 
varieties a variation of considerable magnitude in the methionine 
content. 

The inadequacy of a chemical estimation of a food nutrient in 
satisfying the animaFs requirements may be emphasized in this con¬ 
nection. Compared with other foods and feeds, soybeans in general 
are not particularly low in their content of sulfur-containing amino 
acids, as indicated by chemical analyses. Nevertheless the sulfur- 
containing amino acids limit the utilization of raw soybean protein 
in growing animals. Heating the soybeans apparently makes the 
cystine or its equivahuit methionine more available so that the 
nutritive value of the heated protein is approximately equal to that 
of the raw protein supplemented with cystine (<S'). 

SUMMARY AND CONCLUSIONS 

The cystine content of extracts, containing on an averag(‘ 90.2 
percent of tin* total nitrogen content of 11 vari<di(‘S of soybeans all 
grown in the same ycuir on uniform soil, was d(‘t(‘rmine(l. Expresst'd as a 
percent of the whole soybean s(*ed, the cystin(‘ content vanc^l from 
0.213 for Virginia beans to 0.553 for Mansoy beans. Expre.ss(*d in 
milligrams of cystim* p(T gram of nitrogem, a variation from 33.1 for 
the \^rginia beans to 89.4 for tlie Mansoy variety was found. These' 
latter figures show nearly 200 percemt variation, much of which 
probably re'pre'sents true varie'tal diffe'rences. 

Since cystine or its equivalent in nutrition has becui shown to Ix' 
the limiting factor in the' utilization of at h'ast Cf'rtain varie'ties of 
soybeans, and since' the're' may be large' elifferences in the'ir cystine 
content, it is concluded that pe'rhaps certain varie'tie's shoulel finel 
their greatest value as prote'in suppleme'nts in human eliets and in 
animal rations while othe*rs shoulel fmel the*ir greate'st use'fulru'ss in 
the ind us trie's. 
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SOIL-FERTILITY STANDARDS FOR GROWING NORTHERN 
HARDWOODS IN FOREST NURSERIES ' 

By S. A. Wilfle, associate professor of soils, and W. E. Patzer, Wisconsin AgricuU 

tural Experiment Station ^ 

INTRODUCTION 

Tliis paper is suppli‘montal to a previous report dealing with soil- 
fertility standards for growing northern conifers in forest nurseries 
(9)} The general principles and technique therein outlined were 
followed in the present study. The fertility standards for growing 
north(»rn hardwoods in forest nurseries were arrived at by analysis of 
soils from normally develop(‘d productive' stands that included the 
following species: Yellow birch (BftuUi luiea Michx. f.), hard maple 
{Acer m^charum Marsh.), basswood (Tilia americana L.), American 
('Irn (rimufi americana L.), and white ash {Fraxinvfi americana L.). 

No attempt was made in the present study to establish fertility 
standards for the heavy-seeded species, such as oak, hickory, and 
walnut. During their first growing season such trees feed to a large 
extent on nutrients of the seed, and are less dependent upon the soil- 
f(*rtility l(‘V(‘l. 

DESCRIPTION OF AREAS SAMPLED 

As a g(‘neral rule, northern hardwoods occur in nature' as associates 
of various forest types, name'ly, hemlock, yedlow birch, maple; maple, 
basswood, elm; oak, maple, ash; oak, ash, hickory, anel so forth. De¬ 
pending on (‘ire'umstance's, the soil sampling was applieel to the entire 
foivst type' or to local groups of the spe'cie^s studieel. 

The' te)tal numbe'r of samph'd are'as was limite'd to 200. However, 
gre'at care was e'xeie'ised in the se'h'ction of localitie's; stands aflecti'd 
by logging, pasturing, or fire, as well as those younger than 100 years, 
were re'je'cte'd. Nearly 60 pe'rce'ut of all sample's we'ie collected from 
the mixed stands of hard maple, basswood, and elm. Most of these 
stands could be classified as true virgin forest. The' soil samples for 
yellow birch stanelarels, e*e)nstituting approximate'ly 25 pere.*e'nt of the 
total number, were take'ii largely from groups of this species inte'r- 
spersed in stanels of hemlock. Difficultie's we're experienced in locating 
unelisturbe'd growtli of white ash, anel most of the samples we're secured 
from comparative'ly we'll pre'se'i ved w^ooel lots or park areas containing 
a conside'rable perce'iitage' of this specie's. 

The sampling was rather uniformly distributeel throughout the 
following re'gion: Ne>rtheastern Xfiniu'sota, including the Chippewa 
National Fore'st, as far as tlie southern boundary of Superior National 
Forest; the entire area of noncalcareous elrift of Wisconsin, including 

» Koceived for puhlication Janunrv U*. IflIO. Contribution from the Soils l>eparlinent, W’isconsin ARricul- 
tural KxtH'riinont Station, in (»ooiK‘nUi<)n with the W’^isronsln I'epartnient of Conservation, ^'his study 
W'as Kupimrted in part b> W'orks Progm-s Administration funds through the University of W’lseonsin 
Natural Sclenci* project. 

* Credit is due E. L. Stone and 1). P. White who a.s.slsled in field work and laboratory analyses. 

* Italic numbers In parenthews refer to Literature Cited, p. 221. 
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Chequamcgon and Nicolet National Forests; and the northeastern 
portion of upper Michigan, particularly the Ottawa National 
Forest. A few areas were included from southeastern Minnesota, 
northeastern Iowa, southern Wisconsin, northern Illinois, and western 
Indiana. 

The soils analyzed were for the most part of a loam or silt loam 
texture having approximately 40 per(‘ent of silt. (0.05-0.005 min.) 
and 25 percent of clay (less than 0.005 mm.) jiarticlcs. The soils 
supporting yellow birch, as a rule, belonged to the true Podzol type 
with a more or less developed layer of raw humus. The rest of tlie 
hardwoods studied were located on moderately or slightly leached soils 
with incorporated humus of a mull nature. 

CONTENT OF NUTRIENTS AND ASSOCIATED CONDITIONS IN 
SOILS SUPPORTING DIFFERENT HARDWOOD SPECIES 

The n‘sults of analyst's of soils supporting difl’erent hardwood 
species for pH value (5), base-exchange capacity (^), total nitrogen 
(Jf), available nitrogen (^, available phosphorus (6*), available 
potassium (8), replaceable calcium, and replaceable magnesium {2) 
are reported in tabh' 1, 

Table 1. Reaction^ base-exchange capacity, total nitrogen, and available nuln-‘ 
ents in soils supporting different hardwood species * 
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1 1 n«v.. 
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1 i 1 

217 J: 012 
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J standard errors given. 


The mean values and standard errors presented in table J express 
the fertility of the upper 8-inch layer of the soil profile. These 
figures W('re obtained by an analysis of soil samples collected from the 
separate soil horizons, such as litter, duff, humic layer, and leached 
layer. The thickness of each horizon, its volume weight, and its 
content of nutrients were considered in computing the avi'rage fertility 
of each 8-inch layer. 

The amounts of available nitrogen, i. c., ammonia and nitrates 
combined, vary greatly with the season and W(nither conditions. 
Because of this, medians instead of arthmetic means are reported for 
the content of these constituents. Soils under yellow birch contained 
soluble nitrogen predominantly in the form of ammonia, ^ils 
under white ash had about 90 percent of their available nitrogen in 
the form of nitrates. The rest of the hardwood soils showed but a 
slight excess of nitrates over ammonia, on the average. 

The analyses show that the nitrogen-phosphorii' acid-potash ratio 
for yellow birch approaches 1-2-5, thus being the same as that 
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found for coniferous species. The ratio for the other hardwoods lies 
in the proximity of 1-3-5, 

Table 2 .—Standards of fertility for nvrsery blocks raising different species of trees 


fipocios 
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Table 2 presents in round numbers the desirable levels of different 
soil factors which may serve as standards in the maintenance of 
nursery soil fertility. From a practical standpoint the soil-fertility 
levels for hard maple, basswood, an<l elm do not differ significantly. 
Therefore, average values given for these three species in table 2 
seem to be well justified, especially if one considers the resulting 
simplification in nursery soil management. 

In this study no attempt w^as made to correlate the analytical 
data with the results of greenhouse investigations. However, in 
order to provide a simple illustration of the workability of the stand¬ 
ards proposed, a number of sods depleted in nutrients were placed 
in l 2 -gHllon glazed jars, the fertility adjusted to the desired levels by 
tlie ai)plication of peat and mineral fertilizers, and the jars seeded 
to various hardwood species. Figure 1 shows the results achieved 
with American elm and white ash on a Miami loam soil which had 
been under cultivation for 70 years. 

ADJUSTMENT OF SOIL CONDITIONS 

The general directions for adjustment of fertility in nursery soils 
have been previously outlined {9), In growing hardwoods, how¬ 
ever, special consideration must be given to the problem of nitrogen 
fertilization. 

The majority of climax hardwood species are heavy nitrogen 
feeders. With a relatively high pH value of the soil, the activity 
of micro-organisms in hard'svood beds is intensive. As a result, 
most of the available nitrogen occurs in the form of nitrate, i. e., an 
acid radical which cannot be held in soil by the base-exchange frac¬ 
tion. Nursery beds are subject to strong leaching because they are 
exposed both to natural precipitation and artificial irrigation. A 
combination of these factors may necessitate the addition of soluble 
nitrogen salts, such as ammonium sulfate, sodium nitrate, or ammo¬ 
nium nitrate, even dn soils with adjusted fertility. These are usually 
applied as liquid fertilizer after nitrogen deficiency is manifested by 
discoloration of seedlings. 

Table 3 gives the range of annual applications of elemental nitrogen 
likely to be required by different hardw'ood species. Under unfavor- 
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Figure 1.- Growth of hardwood seedlingK on a depleted (a, h) Miami loam soil 
from the IJniversity of Wisconsin arboretum and on the same soil with the 
fertility adjusted (c, d) to the recommended standards: yl, 4-month-old Ameri¬ 
can elm; /i, 5-month-old white ash. 
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abl(‘ coTiditioiis, as, for example, in rainy summers or in seasons when 
warm periods alternate with heavy rains, nearly double the maximum 
amounts indicat(‘d in table 3 may be necessary to prevent nitrogen 
starvation of the stock. 


Table ^. -Approximate range of annual applications of elemental nitrogen or of 
nitrogen salts likely to be required by different tree species 


Hequireinont pi‘r acre for— 


Ff»riu <»f nitrop«*n 


Kloiui'iital 

auirnoriiurn .sulfate 
Ui-ixTW'nt sodium nitrato. . 
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Hard 1 
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maple, i 
basswood, j 
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W’^hitc ash 

1 i 
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Poiivdft 
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.la-so 
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200-300 


17.‘>-300 

1 

2.50-37.'i 


Ytdlow birch, as a rul(% ])resents no problem in th(' selection of the* 
kind of nilrog(‘n f(*rtilizer. In nature it feeds, by and large, on 
aininoniat al nitrogen, and it responds readily to ammonium sulfate. 
Tin* r(‘s( of the hardwood species, especially white ash, under natural 
conditions f(‘(*d wholly or partly on nitrates and should receive at least 
a portion of tin* nitrogen fertiliz(*r in this form. The application of all 
nitrogen f<*rtilizcr as nitrate would seldom be advisable because of 
tin* instability of this compournl in the soil. In many instances 
ammonium nitratf* containing equal amounts of both nitrogen forms 
may be found a suitable and convenient fertilizer to apply. 

It is of gr(*at importance in the management of nurs(*ry soils to 
ke(*|) in mind the n'lationship that exists between the total soil fertility, 
as giv(*n in the proposed standards, the fraction of nutrients in the soil 
solution, and the content of nutrients actually required by seedlings 
during their 1- or 2-year period of growth. 

The amount of a nutrient which is necessary for actual annual 
m(‘tabolisni of fon*st s(*edlings constitutes, as a rule, but a small 
fraction of the total available supply of this nutrient present in a pro¬ 
duct iv(* nursery soil. For example, the amount of calcium annually 
tak(*n up by the growth of even calciphilous hardwood seedlings is less 
than 1 rnilliequivalent per 100 gm., or 400 pounds per acre. Never- 
th(‘l(*ss, a productive* hardw^ood nursery soil must contain at least 5 
inillieeiuivalents per 100 mg. of replaceable calcium, or 2,000 pounds 
p(*r acj-e. The pn'sence^ of this high amount is vital because calcium 
fulfills numerous functions in soil besides that of a plant nutrient; it 
promotes aggregation, regulates reaction, counteracts the toxicity of 
other ions, and stimulates the activity of micro-organisms. 

In nursery soils, (wposed to rainfall and artificial irrigation, the 
fraction of nutrients in solution is subject to constant changes. During 
a p(*riod of abundant rainfall, the readily soluble salts are leached and 
th(* soil is saturated with nearly pure water. After the rains have 
stopped, additional nutrients are gradually released into the soil 
solution by hydrolysis and activity of micro-organisms from the 
more soluble minerals, exchange material, and organic compounds, 
i. e., from the storehouses of the plant nutrients (7). 
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The higher the reserve supply of nutrients, i. e., the level of total 
soil fertility, the higher, as a rule, is the level of the readily available 
fraction, the greater is the ability of the soil to resist depletion by 
leaching or plant feeding, and the greater is the assurance of an unin¬ 
terrupted and balanced nutrition of seedliiigs. 

Recent experience in several nurseries, located on sandy soils in 
the Lake States region, affords a striking illustration of the importance 
of total soil fertility upon the quality of nursery stock and the cost of 
its production. The summers of 1938 and 1939 were characterized by 
abundant and frequent rainfalls which caused severe leaching of 
nutrients, particularly soluble fertilizers applied prior to seeding. 
Early in July the deph'tion of plant food was manifested by the 
yellowing and geni'ral stagnation of seedlings as well as transplants. 
However, on soils of high total fertility the stock regained its color 
and vigor as soon as the precipitation d('(*r(‘ased. On the contrary, 
on soils of low total fertility the signs of starvation became more and 
more apparent, and the quality of stock in some cases did not fully 
recover even at a high cost of liquid f('rtiliz(T treatrinuits. 

DISCUSSION 

As early as the beginning of this century, Hilgard [5) rej)eatedly 
emphasized the far-reaching importance of analyses of soils supporting 
productive forest stands. In the preface of liis classic text on soils he 
states: 

The natural floras and sylvas are thus tlic expression of secular, or rather, niil- 
lenial experience, which if rightly interpreted must convey to the cultivator of the 
soil the same information that otherwise he must acaiuire hy long and costly per¬ 
sonal experience. 

Hilgard (J, p, 316) particularly warned against— 

the futile attempts to deduce practically useful results from the chemical analysis 
of soih long cultivated, without first studying the less complex phenomena of virgin 
soils. 

The ideas of Hflgard, expressed with reference to agronomical prac¬ 
tice, are even more significant in relation to silviculture. The gen¬ 
erally accepted concept of Mitscherlich's ^^)ptimum” grow th arrived 
at on the basis of dry-matter production (6) is not applicable to the 
production of nursery stock. Stock having the maximum dry weight 
is too expensive to raise, and often difficult to plant. Such abnor¬ 
mally developed or unreasonably large “forced"’ seedlings are likely to 
show decreased vigor and poor survival on depleted and exposed cut¬ 
over lands. 

The fertility levels, derived from the analyses of natural seedbeds 
under productive forest stands, should give the closest approach to the 
physiological optimum of growth conditions; such fertility levels help 
to prevent not only the starvation of seedlings, but abnormal develop¬ 
ment and unreasonably high production of dry matter. 

The analyses of virgin or nearly virgin soils give not only the amount 
of nutrients, which may be somewhat variable, but the normal ratio, 
or proportion of the various constituents, which is of great importance 
in a balanced nutrition of seedlings. 
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SUMMARY 

The soils under productive stands of representative hardwood spe¬ 
cies {Betula luteaj Acer sacckarum^ Tilia americanaj IJlmus americana^ 
and Fraxinus americana) were analyzed for pH value, base-exchange 
capacity, total and available nitrogen, available phosphorus, available 
potassium, and replaceable bases. The average values obtained by 
means of statistical treatment of the results are suggested as standards 
for the maintenance of fertility in hardwood nursery soils. The analy¬ 
ses of soils showed that the nitrogen-phosphoric acid-potash ratio lies 
in the proxhnity of 1-2-5 for yellow birch and 1-3-5 for the rest of the 
hardwood species studied. 
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EFFECT OF ROASTING AND SCALDING PIMIENTO FRUITS 
IN PREPARATION FOR CANNING ON THE SUBSEQUENT 
GERMINATION OF THE SEEDS ^ 

By H. L. Cochran 2 

Associate horticulturist^ Georgia Agricultural Experiment Station 
INTRODUCTION 

Several thousand pounds of seed of the Perfection pimiento {Capsicum 
friUescens L.) are produced annually in Georgia as a byproduct of the 
canning industry. Some of the seed are sold to seed companies in the 
United States and some are shipped abroad, but the bulk of the stock is 
issued each spring by the canners to contract growers, who use the 
seed for the next year's crop. Since the fruits arc either fire-roasted 
or scalded in oil to remove tlu^ skins for canning, the seeds are sup¬ 
posedly exposed to rather high internal temperatures. Most canners 
core their seed stock by hand before the skins are removed, but the 
question of the value of the seed from roasted and scalded fruits is 
being constantly agitated by growers since they can be obtained at 
little or no expense. 

The investigations reported in tliis paper had as their object (1) to 
determine th(» influence of roasting and scalding Perfection pimiento 
fruits on th(‘ incidence and severity of the reduction in seed germina¬ 
tion, and (2) to ascertain tlu' types of seedling injury produced. Spe¬ 
cial attention was given to a study of the internal fruit temperatures 
to which the seeds are exposed. 

Within recent years much has been added to the knowledge of the 
factors that affect the gennination of seeds. vSo far as the writer has 
been able to find, however, the literature contains no work along this 
ling with peppers. 


REMOVAL OF FRUIT SKINS 

The two methods used in Georgia for removing the tough outer 
skins of pimientos prior to canning are not W(dl known outsid(» of the 
State. Since this investigation deals with the comparative effects of 
the two methods, a brief description of each is given. 

THE ROASTING METHOD 

Approximately 70 percent of the pimiento packing plants in (Jeorgia 
use the roasting method for removing the skins. All the present-day 
roastc'rs are of the rotary type, consisting of a 20-foot piece of 18-inch 


' Re-cei\e(l for publication March 19, HMO Journal Series paper No. 75 of the (bMirgia Aip^iiciiltural 
Experiment Station, 
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steel tubing with walls threo-cightlis of an inch thick and a cork-screw- 
fashioned baffle running lengthwise on the inside. Each unit is 
mounted between six rollers on a steel frame having approximately a 
3-percent slope and is rotated by an electric motor, which makes it 
possible to adjust the speed of the roaster as desired. The roasters 
are fired with either crude oil or natural gas under pressure from a 
burner mounted at the lower end. This forces the hot flame prac¬ 
tically the entire length of the roasters. The tempi'rature of the roasters 
averages 900° C., and the fruits emerge charred black. After leaving 
the roasters the fruits are carried down a belt and through a rotary 
washer under pressure to remove the charred skins and finally into 
the hands of workmen who core, rewash, and pack them. 

THE SCALDING METHOD 

The scalding equipment consists of steel vats 2 feet wide and 20 feet 
long filled with a Iow-grad(' cylinder oil having a flash point of approxi¬ 
mately 495° C. and mounted over a large furance. After th(‘ oil has 
attained a temperature of 425° the fruits are elevatc'd into the vat and 
mov(‘d along through the oil by nutans of several large steel perforated 
paddles pulled by an endless chain. Wlien the scalded fruits r(»ach 
the far ('iid of the vat, which tak(»s on an av(*rag(‘ 42 seconds, they an' 
dumped into a rotary washer where hot water and live steam undiT 
pressure remove many of the loos('ued skins and most of the oil. 
From the washer the fruits are taken to th(‘ packing plant on an endless 
bell, wh(*re th(\y are washed by hand, cored, and packed. 

EXPERIMENTAL PROCEDURE 

During the 1938 pimic'iito canning season s(*(*d samples from roasted 
and scalded fruits were collected from 10 packing plants in Ch'orgia 
for germination t(‘sts, and in 1939 similar sample's were secured from 
the same canneri(*s. The check treatment (’onsisted of s(*eds from 
freshly picked ripe fruits that had not bee'ii heated. 

By the use of a Hoskins type PA pyrometer, a minimum of 100 
internal temperature rt'adings were made of fruits by quickly inserting 
the tluTinocouple wire through tlu' fruit wall into the locules sur¬ 
rounding the seeds at intervals after they had dropped from the 
roasters and scalding vats. 

After th(* sec'ds had been removed from the fruits, 10 rows of 100 
seeds each of ail lots were sown one-half inch dec'p in flats 3 by 15 by 
22 inches filled with a well-composted soil such as is ordinarily used 
by the growers as a planting medium in the hotbed. The flats were 
kept reasonably moist, and since the speed of gc^rmination of pepper 
seeds is known to be governc'd largely by the ti'inperature to which 
they are subjected (7, 2),^ that of the greenhouse was maintained as 
nearly as possible between 70° and 85° F. After the seeds began to 
germinate, the flats were examined daily to make notes and seedling 
counts. 

EXPERIMENTAL RESULTS 

CONDITIONS SURROUNDING SEEDS DURING ROASTING AND SCALDING PROCESSES 

Although internal temperature readings of fruits could not be made 
while the fruits were actually on their way through the roasters and 

3 Italic numbers in parentheses refer to Literature Cited, p. 228. 
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scalding vats, a knowledge of the temperatures to which they were 
subjected, the length of time they were exposed, and the subsequent 
fruit temperature readings (table 1), afforded a good indication of the 
conditions that surrounded the seeds. 

Tablb: 1. — Comparison of average temperatures to which fruits uyere subjected for 
removing skins, and their effect upon the average internal temperatures surround^ 
ing the seeds 


Averagp internal tenifiera* 
ture »f fruits— 


At time of I 60 feet down 
emergence j belt where 
from heating , cores were 
units removed 


I ® C. ! Seconds ® C. ^ C. 

Fire roasting. - . ■ ooo ; , 71 ^ 45 

Oil scalding. 425 j 42 00 47 


Table 1 shows that fruits that underwent the roasting process 
w(‘re exposed to an average temperature of 900° C. for 30 seconds. 
It is not surprising, therefore, that the internal temperature, to 
which the seeds were exposed, attained a height of 71° C. during the 
roasting process. Even after the fruits had traveled 60 feet on the 
belt and had gone through a washer of cold water under pressure, the 
leinpi'rature Had dropped only to 45°. While the oil bath of the 
scalding method was held at approximately 425°, the fruits were 12 
seconds longer in goinpj through this medium than through the 
roast (Ts. Wu'n the fruits emerged from the oil th(*\^ had an average 
intiTiial temperature reading of 60°, and bv the time they reached the 
coring table the temperature had (hopped only to 47°, which was 2° 
higher than that of the roasted fruits after tln^y had traveled the same 
distance. This small dilf(T(uice was due largely to the fact that the 
cook(Hl skins of roasted fruits were removed by running the fruits 
through a rotating washer of cold watcT undc^r pressure, thus cooling 
them sudd(*nly, whih* those of scalded fruits w('re irmoviMl by the 
same method Hut with live steam and boiling water. 

SEED GERMINATION 

The data in table 2 show that the percentage gemination of seeds 
from both fire-roasted and oil-scalded fruits was r(4ativ(dy low each 
yt^ar as compared with that of seeds from the untreatc'd or cHeck fruits. 

2. —Average percentage germination of pimiento seeds from 10 canneries as 
affected by method of removing skins from the fruits for canning, lOdS-dO 


r»mt)cry 


A. 

B _ 

(' , 

I). 

E . 

Average * 

(^heck 

‘ A diftcrence of 33 percent is required for significance. 
270960—49-5 


S<*ed from flro*roasteil fruits 



Seed from 

oil-scalded fruits 






C annery 

I 



loas 

11»39 


\ v<*rnge 



1938 j 

1939 

Average 

1 

1 


19 9 

F. 


30 5 ! 

6 6 

18 6 

13, 0 

24 

9 

19.0 

O 


19 5 i 

33. 5 

26 5 

4.6 

0 


2.3 

H 


16.5 

9.6 

; 13.1 

• 31. H 1 

7 

9 

19 9 

1 


7.3 i 

6 8 

I “ 1 


15. 


9 2 

J 


13.5 ’ 

.5 

1 70 

ISJ) ' 

10 

0 

14 0 


. , I 

i 17 . 5 ! 

11.4 

14 5 

91.3 ; 

IK) 

2 

90 7 1 


. 

'. 




Method used for removing skins of fruits 


Average 
tcmficraturc 
to which 
fruits were 
subjected 


Average 
length nf 
time fruits 
were 
exposed 
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As a whole the average values for both methods were somewhat 
lower in 1939 than in 1938. However, upon comparing the 2-year 
averages it is of special interest to note that they closely agree, that 
for the roasting method being 14.0 ])ercent and for the scalding 
method 14.5 percent. The remainder of the seeds were apparently 
rendered inactive by the heat treatments and failed to emerge. This, 
as well as figure 1, indicates that one method used for removing the 
skins of Perfection pimientos for canning was about as harmful to the 
subsequent germination of the seeds as the other. 



Figure 1. —-Germination of pimiento .seeds from frnits the skins of which were 
removed l)v {A) fire roasting and {H) oil scalding, as compared witii checks 
(C). 

In studying the data in table 2 in connection with those in table 1, 
it might seem that pimiento seed should be able to withstand higlier 
temperatures without suffering such drastic reductions in germination. 
Dry seeds having hard seed coats (the morphology of which has been 
described by Cochran (3)), would, no doubt, react in this manner. 
In the case of wet seeds, however, attached to the placenta on the 
inside of the fruits, and consequently in an almost saturated atmos¬ 
phere, the permeability of the seed coat is thought to be increased by 
the increase in the surrounding temperature, thus allowing the heat 
to penetrate and readily reach the embryo. This (contention is 
substantiated by the findings of Denny (5) who, in using seeds from 
six species of plants, found that with some the permeability of the 
seed coat to water was increased tremendously by heating them. 

SEEDLING INJURY 

The normal germination process of the Perfection pimiento seed 
has been described in detail by Cochran and Cowart (4). The seed 
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consists of a small dormant plant surrounded by a thin seed coat. 
Upon the absorption of water this dormant plant resumes growth and 
within a relatively short time, under favorable conditions, it develops 
into a seedling consisting of the primary root, the hypocotyl, two 
cotyledons, the first pair of true leaves, and the plumule. 

From the numerous gennination tests that have been conducted on 
pimiento seeds by the Departments of Botany and Horticulture at the 
Georgia Agricultural Experiment Station, it has been known for some 





r> f 


Figure 2.— Abnormal seedlings that emerged from pimiento seeds from fruits the 
skins of which were removed by fire roasting or oil scalding: A, Adhering seed 
coat, /i, baldhead; C, single cotyledon. 

time that tlic heat treatments used for removing the fruit skins result 
in failure of many of the seeds to germinate. As a whole, however, the 
growers who have asked about the quality of the seeds from such fruits 
have not understood that, in addition to low vitability, there may be 
other types of damage that are not apparent until after germination. 
This damage usually manifests itself in the form of abnormal seedlings 
caused by adhering seed coats, baldheads, and single ^tyledons (fig. 2). 
These a&normaUties were not classified separatdy in this study, but 
collectively 4.7 percent of the seedlings which emerged from the treated 
seed were so affected. None, however, were noted in the check lots. 
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The failure of the seed coat to be released from the cotyledons is 
thought to be due in some measure, at least, to the heat which causes 
the embryo to stick to the seed coat; nevertheless, the fact is not over¬ 
looked that some of the damage was probably the result of certain 
defects in the seed coats themselves. 

Baldhead is the result of abscission of the cotyledons and plumule, 
due for the most part to injury caused by the high temperature. 
Wester and Magruder {8) found that disease organisms caused tlio 
same condition in seedlings of the Baby Fordnook bush lima bean, 
while Bainer and Borthwick {!) and Harter (6*) found that in several 
other types of beans it was due to internal injuries caused by the 
machinery used for threshing the seeds. On close examination the 
presence of baldhead in pimiento seedlings could be detected even 
before the seed coat was shed, as in most cases the severing took place 
at the base of the cotyledons, leaving only the bare hypocotyl. In 
beans the injury usually occurred above tlie cotyledons" in the region 
of the plumule. 

Single cotyledon was less prevalent than the two typ(‘s of injuiy 
just described. It was found to be due to a failure of one of the 
cotyledons to develop further after being heated and not to pathogenic 
infection. 

SUMMARY AND CONCLUSIONS 

Fire roasting and oil scalding are the two methods used in CJeorgia 
for removing the outer skins of pimiento fruits preparatory’ to canning. 
Fruits having passed through tlie roasters emerged with their se(‘ds 
exposed to an average internal temperature of 71° C. Fruits just out 
of the scalding vats had an average internal temperature of 00°, but 
were 12 seconds longer in passing through the oil medium than were 
those passing through the roasters. 

The average germination of seeds over a 2-year period from roasted 
fruits was 14.0 percent and from scalded fruits 14.6 percent, indicating 
that one treatment was about as harmful to germination as the other. 

Of the seedlings that emerged from the treated seeds, 4.7 percent 
showed such abnormalities as adhering seed coats, bald heads, and 
single cotyledons. 

It is concluded from this work that Perfection pimiento seeds taken 
from either fire-roasted or oil-scalded fruits should neither be offered 
for sale nor used for planting. 
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TWO ADDITIONAL FACTORS FOR RESISTANCE TO 
MILDEW IN BARLEY' 

By Erneht H. Stanford, graduate assutant in agronomy^ Univerdiy of California^ 

and Fred N. Briggs, associate agrono7uist, California Agricultural Experiment 

Station 

INTRODUCTION 

Since there are physiologic races of barlev mildew {Erysiphe gram'- 
inis hordei)^ the breed(*r of barley should have available a stock of 
varieties carrying different genes for resistance to this disease. Then 
if the distribution of races should shift or if new races of the pathogen 
should develop, he will have material and information which will 
enable him to meet the changed requirements for resistance. 

In connection with a breeding program to develop mildew-resistant 
barl(\y {Ilordexim vulgan) suitable for California, Briggs, in 1932, 
began a study of the genetics of resistance to this disease. Thus far 
th(^ genetics of ri^sistance to race 3 of Erysiphe graminis hordei in eight 
resistant barl(*y varieti(‘s has been established by Briggs (Jf, 2),^ 
Briggs and Barry (5), and Briggs and Stanford (4). Hanna, Goldfoil, 
Algerian, Kwan, and an unnamed variety vS. P. I. 45492 were shown 
to diffiT from susceptibh' Atlas in one dominant factor for resistance. 
Crosses between tlu'Si' five resistant varieties showed that the factors 
in Hanna, Goldfoil, Algerian, and Kwan w(»re different. S. P. I. 
45492, however, had the same factor as Algerian, and the factors in 
Algerian and Kwan were shown to b(‘ linked. These factors have 
bt*en designatinl as il//;,, Mlg, M/,i, and MIk, respectively. The 
Ml indicates that the factor is for mildew resistance, and the sub¬ 
script indicates the variety in which the particular factor was first 
found. 

The three varieties Arlington Awnless, Chinerme, and Nigrate 
were found to have two dominant factors, each differing from the 
factors mentioned above, ami each inherit(‘d independently of them, 
f'urthermore, thesi* variidies were found to have at least one factor in 
common. Tliey wi'H' tentatively designated as Mir and Mlj, pending 
furthcT investigation of their identity. 

Tlu* present investigations deal with the inheritance of n^sistance 
to mihh'w in two additional vari(*ties, Psaknon C. T. 0305 and Duplex 
(M. 2433. 

MATERIALS AND METHODS 

Th(^ cross(*s studieil wen* grown in greenhouse benches at Davis 
and Berkeley during the winters of 1938 39 and 1939-40. Thirty 
seeds were planted in rows 30 inches long and 5 inches apart, which 
usually gave 2(> to 30 s(»edlings. They were inoculated in tlu' three- 
leaf stag(‘ with race 3 of mildew, and classified as to degree of infection 
according to the system suggested hy Mains and Dietz (6) and used 
previously (f, 3\ 4)- No attempt was made to distinguish between 

types 3 and 4. Plants showing type 4 infection were considered 
susceptible; those showing types 0, 1, or 2, resistant. 

1 Rpci»ivp(l for publication May 2H, 1940, 

2 Italic numlHTS in parcnlhest's refer to Literature Cited, p. ZiO. 


•Journal of Apricultural Research, Vol. Cl, No. 3 

W ashinjiton, 1). C. Aug. 1,1940 

Key No. Calif.-114 


( 231 ) 



232 


Journal of Agricultural Research 


VoL 61, No. 3 


Psaknon has given a mildew reading of 1 to 2 in greenhouse trials. 
It gave a reading of 0-1 to Tidd^s {8) race 6 and a 0 reading to his 
race 7. Duplex has given a type 0-1 reaction to race 3 here. It has 
given a reading of 1 or less to all the races of Mains and Dietz (^), 
Mains and Martini (7), Tidd {8), and race A of Honecker («5), but a 
2-3 reaction to Honecker^s race B. Atlas has uniformly given a 
type 4 reaction to race 3. 

Crosses between resistant Psaknon and Duplex and susceptible 
Atlas w('re grown to ascertain the number of resistant factors present. 
Crosses with other resistant varieties were grown to determine the 
identity of such resistant factors. Besides the F 2 , the F 3 was ^own 
when necessary. Every tenth row was seeded to Atlas, which always 
gave a type 4 reaction. 

EXPERIMENTAL RESULTS 

INHERITANCE OF RESISTANCE TO MILDEW IN HYBRIDS WITH PSAKNON 

The F 2 and F 3 generations of the several crosses were ^rown con¬ 
currently. Table 1 shows crosses studied and results obtained. 

Table 1. — The classification of parents of F 2 plants and F 3 rows^ as indicated, of the 
crosses named, grown in the greenhouse at Davis, Calif., 19S8~S9 


«^i>serve(i I 


Parent or h> brid 

vidual 

plants 

or 

rows 

Oener- 
i at ion 

Re¬ 

sist¬ 

ant 

1 tolls 

Re¬ 

sist¬ 

ant 

Hetero- 

r.vgous 

Sus- 

tible 

Ratio 




Nvmber 

, 

Nvmfper Nuviber 

XumhfT Xvmber Ntimfitr 


Atlas. 

Plants. 



. 

59 

- 

- 



Psaknon. 

do . 


27 


.... 





Psaknon X Atlas , 

. -do . 

Fj .. 

349 


100 

;137 1 

112 

3 1 

Alhw 

Rows. 




14 


- 



Psaknon 

-do . . 


2 







Psaknon x Atlas 

...do 

Fa -- 

31 

r.i 

28 

30 


30 

1 2 1 

Psaknon_ 

Plants. 


27 





. 


Hanna . _ 

do . 


27 


.. - 

. 

. 



Psaknon X Hanna 

do . 

Fa 

400 


18 

391 9 


2fJ 1 

15.1 

Psaknon . . 

do .. 


29 







(^oldfoil 

...do . 


28 







Ooldfoil X Psaknon 

do - 

F 2 .. 

390 

„ 

25 

389.1 


25.9 

15:1 

Psaknon. 

do.. . 

2i» 







Arlington . . 

tio . 


28 



_ 




Arlington x Psak¬ 

. do... 

F 2 - - ■- 

418 j 


0 



. 


non 

Psaknon _ ... 

Kows 


1 

1 2 i 




_ 



Arlington . 

do . 


2 1 







Arlington x Psak¬ 

do 1 

Fa 

1 uo 1 


0 

_ 


. . 


non 

Psaknon .. . _ 

Plants 


2.9 







Nigrate . . . 

. tlo 


1 20 


. 

. 

... 



Psaknon x Nigrate 

- <io . 

Fj 

* 458 


0 





Psaknon... 

Rows - 


2 






* ' * 

Nigrate . 

. do - 


2 



j 




Nigrate X Psaknon 

i do 

I'Fa" 

Ki 


0 





Psaknon . _ 

Plants- 

29 


i 





Algerian_ 

. do ... 


30 1 


.. 





Psaknon x Algerian 

. do... 

Fr." ■ 

398 


I 29 

' 400 3 


i"'^.7 

"15:1 

Psaknon... 

do . 


58 



1 




Kwan ... _ 

. -do 


29 



1_ . 




Kwan X Psaknon 

do 

1 

F 2 

743 



: 751 9 


50.1 

15:\ 


I t nine 
' of/> 

I for 
i ratios 
iiuli- 
' cated 


>0 


1 


5 



I 

9 



>.5 

>. I 


In the F 2 of Psaknon X Atlas there were 349 resistant and 100 sus¬ 
ceptible plants. This result gives a probability greater than 0.1 on 
the basis of a 3:1 ratio, thus indicating the presence of a single domi¬ 
nant factor for resistance to race 3 of mildew. In F 3 there were 31 
resistant^ 61 segregating, 28 susceptible rows, all in conformity with 
expectations. 
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In the crosses between Psaknon and the four varieties Hanna, 
Gold foil, Algerian, and Kwan, each of which is known to have a differ¬ 
ent factor for resistance, bifactorial ratios were obtained, indicating 
that the factor found in Psaknon differs from the four factors present 
in the varieties named above. 

No susceptible plants appeared in F 2 or F 3 of Arlington X Psaknon 
and Nigratc X Psaknon, although Atlas checks invariably gave a 
type 4 reaction. The factor found in Psaknon must therefore be 
identical with one of the two factors previously reported in Arlington 
and Nigrate and temporarily designated as Mix Mly {2), Since the 
identity of one of these factors has now been established by its pres¬ 
ence alone in the variety Psaknon, it will be designated as the Psaknon 
{Mlp) factor and hereafter will replace the Mix factor designation in 
Arlington and Nigrate. The Mly factors in Nigrate and Arlington 
may or may not be identical. Until this point is definitely estab¬ 
lished, the factor will remain under its present designation. Although 
Chinerme was not crossed with Psaknon, results that will later appear 
indicate tliat one of the two factors is the Psaknon factor. 


INHERITANCE OF RESISTANCE TO MILDEW IN HYBRIDS WITH DUPLEX 

The crosses with Duplex are similar to those described with Psak¬ 
non, except that Psaknon was available as a tester for the Mlp factor. 
Data from these crosses are recorded in table 2. 

Table 2. —The claesification of parents or plants and F^ rows, as indicated, of 
the crosses named, grown in the greenhouse at Berkeley, Calif., 1938-89, and 
iJavis, Calif., 1989-40 


Parent or hybrid 


Atlas ,.. 

. . 

DupU’x X Allas 

Dupli'x.. 

TJanna. . _ 

Duplex X Hanna . 

Duplex. 

Hanna.. 

l>uplex X Hanna.. 
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Psaicnon. 
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Because of lack of seed, the F 2 of Duplex X Atlas was not grown. 
In F 3 , 3 rows of 30 seeds ^ach were planted from each F 2 plflut after 
it had become apparent that comparatively few susceptible progenies 
existed in this population. It was possible, therefore, to identify 
more completely progenies segregating for the higher ratios of resistant 
to susceptible plants. In F 3 there were 154 resistant, 127 segregating, 
and 8 susceptible progenies, a result that suggests 3 independent factors 
for resistance, giving a probability of greater than 0.05 on this basis. 
Because the crosses between Duplex and the other resistant varieties 
indicate the partial constitution of Duplex, they will be considered 
next and the Atlas cross later. 

In the F 2 and F 3 of Duplex X Hanna and Duplex X J^saknon no 
susceptible plants occurred, showing that Duplex contains tin* Hanna 
and the Psaknon factors. Susceptible plants were found in the Fo of 
Duplex X Goldfoil, Duplex X Kwan, and Duplex X Algerian, indi¬ 
cating that the Goldfoil, Kwan, and Algerian factors were not pres(‘nt. 

No susceptible plants were found in Duplex X ChiniTine and 
Duplex X Nigrate as was expected, since Duplex and Nigrat(‘ contain 
the Psaknon factor and since, as point(‘d out, Chinerme probably 
contains the Psaknon factor. 

Returning to the F 3 of Duplex X Atlas: The distribution of these 
progenies by percentage classes is shown in table 3. 

Table 3.- DiMnbvtion of parents ami h\ progenies of Duplex X Atlas into .)-/?(rcmt 
classes for mildew susceptihility; grown at Berkeley, Calif,, 19SS 39 
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As pointed out earlier, there are 154 resistant, 127 segregating, and 
8 susceptible progenies, a result which agrees satisfactorily with the 
numbers expected on the basis of 3 independent factors. Two of 
these have been identified as the Hanna and Psaknon factors. As 
shown by the occurrence of 4 segregating progenies falling between 
65-80 percent of susceptible plants, the third factor is recessiv(* and 
therefore different from any of those previously discovered. It will 
be designated hereafter as the Duplex (mla) factor for mildew' 
resistance. 
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Except the 4 progenies which segregate 1:3, the segregating prog¬ 
enies overlap so that rows resulting from other genotypes cannot be 
identified. This gives 154 resistant, 123 segregating (61:3, 15:1, 
13:3, 3:1), 4 segregating (1:3), and 8 susceptible progenies where 
167.9, 107.6, 9.0, and 4.5 are the numbers expected on the basis of 
three independent factors. The fit between observed and expected 
would be improved considerably by assuming that the Duplex factor 
was rather loosely linked with either the Hanna or the Psaknon factor. 
As will be. recalled, however (table 2), the number of susceptible plants 
obtained in the Fj of DuplexXOioldfoil, DuplexXKwan, and DuplexX 
Algerian all agreed with the numbers expected on the basis of independ¬ 
ent factors. A strain of barley is being isolated which will carry the 
Duplex factor alone and which w'iU be available not only as a tester 
for the factor hut also for establishing its linkage relationship. 

SUMMARY AND CONCLUSIONS 

The occun-ence of the two new' genetic factors for resistance to race 
3 of barley mildew is report('d. The Psaknon (Mlp) factor found in 
tlie Psaknon variety is dominant in c'ffect and is identical with one of 
the tw'o factors previously ri'ported in Arlington Awnless, Nig^ate, 
and ('hinenne. Her(*aft(‘r Mlp will replace the Mix factor designa¬ 
tion tentatively assigiu'd to these three varieties. 

A new factor found in Duplex combined with tw'O previously iden¬ 
tified factors. Mlp and Ml^, is recessive in effect and is designated as 
(lie Duplex {mlA factor. 

Th(' genetics of resistance to race 3 of barley mildew has now been 
studied at this station in 10 resistant varieties. The factorial com¬ 


position follows: 

Vandy fadoTit for resistance to vitldeu 

Hanna. .... Mh Mh- 

Ooldfoil,. _ ...- .\fl, Ml, 

Arlington .. __ .. Mlp Mlp, Ml, Mly. 

rhin(?rine... .. Do. 

iVigratp. _ _ Do. 

Algorian ... _ . _ _ MU MU- 

S. P. I. 45492..... Do 

Kwan.. _ .. Mlk MU, 

Psaknon..... .. - Mlp Mlp. 

Duplex_____ _ _ Mlh Mlh^ Mlpj Mlpf midi 


In all. there are seven different factors for mildew resistance^six 
dominant and one recessive. The number of factors in a single 
variety varies from one to three. Of the seven identified, two arc 
((('finitely linked. The other five appear indei)endent, although the 
Duplex factor may jmssibly be linked with either the Hanna or the 
Psaknon. 

Additional factors for resistance to mildew may be found as other 
resistant varieties are investigated or as otlu'r races of mildew are 
used. Tidd (.9), using race 6, found a single factor for resistance to 
mildew’ in a cross between resistant Nepal 595 and susceptible Feather- 
stone. This factor must differ from any of the seven reported above 
because Nepal is completely susceptible to race 3. 
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A SOLUTION OF NORMAL EQUATIONS GIVING THE 
STANDARD ERRORS OF THE CONSTANTS* 

By William Dowell Baten 

Research associate in statistics, Michigan Agricultural Experiment Station 

Several statisticians (i, 2^ S, 4i T', 5, 9) ^ have devised methods 
for solving normal equations which arise when fitting linear equations 
to observed data. Fisher (S, pp, 142-150) obtained a solution which 
enables one to find the standard errors of the constants by using his 
c values. The object of the present paper is to show how to solve 
for the constants by the use of calculating machines and how to find 
the c values, used in determining the standard errors of these con¬ 
stants. The material employed for illustrating the method is that 
used by Fisher to show the dependence of rainfall on longitude, 
latitude, and altitude. 

Assume that the predicting equation for predicting values of y from 
given values of X 2 , and ^3 is 

( 1 ) y= 6 ia*i+ 62 *^ 2 +63-r3.^ 

The normal equations arising from the least squares method are* 

2 X 1 X 2*61 " 1 - 2 X 2 ^* 62 "I” 2x^X3*63= 2 X 2 ^, 

2 X 1 X 3*61 + 2 X 2 X 3 * 62 + 2X32.63 =:r 2X3^. 

By using the values of the summations given b}^ Fisher the above 
e(j nations become 

( 2 ) 1,934,161- 772.260+ 924.163=1,137.4=2x12/, 

(3) - 772,261 + 2 , 889 . 562 + 119 . 063 =-592.9 = 2X22/, 

(4) 924.161 }-119.062 +1,750.863= 891.8=2X3?/. 

Divide each equation by the absolute value of the coefficient of 61 
in it, and we get 

(5) 6,-0.39925562+0.47779363=0.588077 = 0.0005170302x1]/ 

(0) ~ 61 + 3.741 90062 +0.1 5488263 =-0.707800 = 0.001295002X2?/ 

(7) 61 + 0 . 12942360 +1,89400063=0.905047=0.001082132x3?/ 

ICliminatc 6, as follows 

(8) -+5) + (0): 3.34205l62 + 0.03207563=-0.179729 

= 0.0005170302xi?/+0.001295002x2?/, 

(9) = (0) + (7): 3.87132962+2.04948263=0.197241 = 0.001295002x2?/ 

+0.001082132X3?/, 

or 

(10) 60 -f 0.18927363 = -0.0537084=0.0001540782xi?/ 

H 0.0003874172X2?/, 

( 11 ) 6 +- 0 . 52940063 = 0 . 0509492 = 0 . 0003345102 .r 2 ?/ 

+ 0.0002795242X3?/. 

Eliminating 62 gives 

‘ Received for I'ublication May 7,1940 Journal paper No. 452 of the Michijran ApricuHural Experiment 
Station. 
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0.3401276,=0.104718 

= -0.0001546782/,?/-0.0000529072:j:2j/+0.0002795242/3y. 
or 

( 12 ) 63 - 0.307879 + 

= -0.0004547652/,J/-0.0001555512/:y+0.0008218222/32/, 


or 


(13) 

63-C,32/,J/ + C232/2// + C33S/3//, 

where 

^■i3= —0.0004.5477, 


C23=-0.00015555, 


C33=0.00082182, 


which arc essentially tlu' same as Fisher obtained. 

As a check upon the computations, 63 can be found from (13) by 
usinp: the values of c,,, Cn, C 33 and the valui's of 2/,?/, 2 / 2 ^, ami 2 .r 3 ?/; 
this is 

63 =r-0.00045477(1,137.4)-0.00015555(-592.9)+0.00082182(S91.8), 
or 

63=0.307876=0.30788. 

Solve for 62 by substituting the value of 63 in ( 11 ), 

6j=-0.529400(0.30788)+ .0509492=- -0.11204 

=0.529400[-0.0004547652/,v-0.0001555512/.,v+0.0()8218222/3.v] 

0.0003345102/2i/+0.0()02795242/.,// 

or 


63 = +0.0002407532/,J/+0.0004168592/.1/- 0.0001555502/,,//. 


(14) 62 = C,22/,J/ + C222/27/+C23-J'3?/, 

where c,2=0.00024075, 

<• 22 ^= 0 . 00041686 , 

C 23 — —0.00015555. 

The value of 62 can be checked by the use of (14); this gives 

62 =-0.11204. 

Equation (7) may be used to find 6 , by substituting the values of 
62 and 63 ; this gives 

6 , = -0.129423(-0.11204) —1.894600(0.30788)+0.96047 = 0..39t)24 
= -0.129423[0.0002407532/,3/+0.0004168592/2i/-0.0()01555502/,i/,] 
-1.8946001 - 0.0004547652/, V - 0.0001555512/2?/+0.00082 1 8222/31/,] 

+0.001082132/,//, 


or 

6 ,= 4-0.0008304392/,j/+0.0002407562/2j/-0.00()4,547662/3//, 
or 


(15) 6,=c„ 2 /,//+c,22/22/+c„2/3//, 

where c„=0.00083044, 

c, 2=0.00024076, 
c„=-0.00045477. 

By the use of (15), 6,=0.39624. 
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The standard errors of the 6 ^s can now be obtained from (13), (14), 
and (15) by rewriting these equations. For example (13) may be 
written as follows: 

6 .*»-=Ci 3 [xnyi+0:12^2+ . . . 

+C23[x2iyi+aj222/2+ . . . +a‘ 2 «yn] 

4"C33[x3iJ/i+r32l/2+ • • * +J^3n?/»], 


= (^’i 3 *^ii'+‘C 233 ^ 2 i + Ca 3 X 3 t)i/i-f~ (Cn^i 2+^233^22+^33X32)2/2 
+ • • • +(Cl33*in + ^^233^2n + <?333^3n)yn 
— w(ri3/u+ 023 X 24 -+ 033 X 34 ) 2 / 4 . 


The (quantity 63 is linearly related to the y values, for the x values 
are fixed. The standard deviation of the values of the 2 /’s for any 
value of X is assumed to be the same for each value of x; that is, the 
standard deviation of eacli y array on x is the same. The standard 
error of 63 is th(*refore 

0 - 63 = 


Sv-v'0i3^^>l^+ 033^i:X2^+ 033^:2X32+ 2^13023-^1X2+ 20 i30332:XiX3+ 2023033-X2./*3 


where S^ is the standard error of estimate. 

By the use of determinants the last expression can be reduced to 

Tli(‘ standard deviation of 63 is hence 

ab, -= 4.3327S/0.00()82182 = 0.12421. 

In a similar way the standard deviations of 61 and can be shown 
to e(iual respectively 

abi --~>SWoii =-4.3327VO.00083044--0.124S(i 

and 


ab,^ .S\V^i}2==^ 4.3327 V 0.00041680 0.08840. 

Tile values of the constants with their standard errors are 
6,- 0.39024 ±0,12480, 

62- -0,11204±0.08840, 

63- :0.30788±0.12421. 

Tlie above method shows how to find the c values and also the re- 
gri'ssion constants and can be used with modern calculating machines. 
This mt‘thod is not only easy to follow, but is also easy to teach to 
computers. 
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THERMAL DECOMPOSITION OF ukDERCDR'feD ALFA'LFA 
HAY IN ITS RELATION TO SPONTANEOUS IGNITION ‘ 


By K. J. Hoffman 

Che mint j Chemical Engineering Research Division^ Bureau of Agricultural Chemistry 
and Engineering^ United States Department of Agriculture 

INTRODUCTION 

Ill a previous investigation (3) ^ it was found that the oxidation of 
natural undcToured alfalfa hay in air at temperatures of approximately 
77® to 80® C. was accompanied hy a consumption of oxygcm in excess 
of the carbon dioxide formed. This fact was attril)ut(*d to the 
probable production by h(»at and chemical action of unsaturated or 
easily oxidizable substances that w'(‘r(‘ destroyed at once by oxidation 
without the production of carbon dioxide. On the other hand, the 
oxidation of undercured alfalfa that had undergone spontaneous heat¬ 
ing in the mow resulted in a much smaller loss of oxyg(ui and generally 
in a production oi carbon dioxide greater than the loss of oxygen. 
This smaller consum])tion of o.xygen was ascribed to the loss(‘s of 
organic matter that occur during spontaneous heating and to the 
pr(‘vious oxidation in the mow of any unsaturated substances that 
might have been formed. 

Since these oxidations were conducted under conditions that pre¬ 
cluded the possibility of activity by micro-organisms, the conclusion 
was form(‘d that a consumption of oxygiui greater than the production 
of carbon tlioxide in the haymow’ undergoing spontaneous heating was 
evidence of chemical oxidation, while the production of carbon dioxide 
in amounts equal to or greater than the oxygen consumed was ascribed 
to liiological action. The results of the analysis of numerous samples 
of gas collected from heating haymows interpreted on the basis of this 
<listinction betw^een chemical and biological activity indicated that 
along with the op(*ration of biological agencies in the heating haymow' 
there occurs also a purely chemical oxidation, shown by a loss of 
o.xygen considt'rably m excess of the carbon dioxide formeil, and that 
this chemical oxidation is more marked beyond the temperature range 
usually ascribi'd to the activity of micro-organisms. This conclusion 
was found to be in agreement with that of Haldane and Makgill {2), 
wdio hud previously determined the rates of absorption of oxygen and 
liberation of carbon dioxide in w’etted hay at different temperatures by 
a different procedure. 

It w'as fully recognized that the hypothesis of the production of 
unsaturated substances in the laboratory oxidation experiments by a 
purely chemieal process and in the heating haymow by chemical 
processes alone, by the action of micro-organisms alone, or by a com- 
i)ination of both agencies, required verification and that this verifica¬ 
tion could be accomplished conclusively only by the separation and 
identification of such substances. Furthermore, if further investiga- 

• Uwoivod for publication May 30,1940. 
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tioii should demonstrate that under the influence of heat supplied from 
external sources, with the exclusion of microbial activity, unsaturatod 
products are in fact formed, the question would naturally arise whether 
or not chemical activity in the heating haymow may be due at least 
in part to the production by heat of unsaturated substances readily 
susceptible to oxidation, that is, whether the formation of these sub¬ 
stances may be the r(»sult of the heat of microbial action rather than 
the direct result of the activity of inicro-organisrns. 

The investigation reported in this paper was undertaken to obtain 
further evidence of tlie formation of unsaturated substances, without 
the intervention of micro-organisms, in undercured alfalfa hay 
subjected to heat in an inert atmosphere. 

PLAN OF THE INVESTIGATION 

Briefly stated, the investigation consisted in: (1) Detennining the 
oxygen absorbed and the carbon dioxide* fonned in the lieating of 
undercured alfalfa {Medicago sativa) hay in a definite volume of 
air at a temperature slightly above that at which micro-oi’ganisms 
exist; and (2) de'tennining the same factors, under conditions as 
nearly as possible identical, for duplicate* sample's of the alfalfa afte*r 
it hael been luxated in an atmosphere of nitre)ge*n for an arbitrary 
length of time. The relative oxyge*n absorption anel carbon dioxide*, 
fonnation thus dete'rmined W(*re e'xpecte'd to show the effc'ct on 
alfalfa of lK*ating in an inert atmosphe*re. 

ALFALFA USED 

Alfalfa A ,—This was first-cutting alfalfa ce)llected freun the field 
nearly 3 years before and store'd in large* airtight fruit jars in a re- 
frige*ration room at 30° F. Whe*n u.se*d, it contained 30.35 perce*nt of 
moistiire. Samples of 40 gm. each were use*el, oquivale*nt to 25.40 
gm. of diy matter. The dry matte*r containeel 7.42 percent of ash. 

Aljalfa B .—This was first-cutting alfalfa colle*cte*el from the fie*ld 7 
months before* anel ke'pt in large airtight fruit jars at 30° F. It 
containeel 39.0 pe*Tcent of xrioisture. The 40-gm. sample* us(*d was 
(*quivalent to 24.10 gm. of dry matter. The* elry matter ('ontaine*d 
8.08 perce*nt of ash. 

Alfalfa C .—This was first-cutting alfalfa collecte*el from the field 
9 months b(*fore and kept in large airtight fruit jars at 30° F. until 
used. It contained 30.05 pe*rcent of moisture; 8.17 percent e>f ash, 
on the dry basis; and 25.34 gm. of elry matter per 40-gm. sample. 

AlfaJJa D .—This was third-cutting alfalfa partly dried in the sun 
for 6 hours and then air-dried indoors for 16 hours to a moisture 
content of 42.41 percent. It had been stored in airtight jai*s in a 
refrigeration room at 20° F. for about 3 wee*ks before it was usenl. A 
40-gm. sample contained 23.04 gm. of dry matte*r. The diy matter 
had an ash content of 7.52 percent. 

Alfalfa JS.— This was first-cutting alfalfa stored in a refrigeration 
room at 30° F. for approximately 2 years and 3 months before use. 
It contained 33.82 percent of moisture. A 40-gm. sample contained 
26.47 gm. of dry matter, and the dry matter contained 8.13 percent 
of ash. 

Alfalfa F ,—This was third-cutting alfalfa from the same lot as 
alfalfa D, but it was nearly 6 months older at the time of the experi¬ 
ment. It contained 40.10 percent of moisture. A 40-gm. sample 
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contained 23.96 gin. of dry matter, and the dry matter contained 
7.52 percent of ash. 

APPARATUS AND METHODS 

The apparatus in which these experiments were conducted was 
«‘sscntially the same as that uscid in the preceding laboratory oxidation 
(‘xperiments (S) with the exception of the improved constant-tempera¬ 
ture bath in which the oxidation flask and contents were heated. 
This bath, 40 cm. in diameter and 30 cm. deep, was provided with 
('lectric immersion heaters, a three-heat switch, and a mercury 
thennoregulator. In this bath the temperature of the heavy mineral 
oil surrounding the oxidation flask could be maintained constant to 
a few t(‘nths of a degree. Inasmuch as the temperature of the samples 
of alfalfa and the air in the flask was always somewhat lower than 
the temperature of the bath, owing to the moisture in the samples, 
to attain the temperatures in the flask as recorded for the experiments 
it was necessaiy to maintain the temperatures of the bath approxi- 
mat<4y 5° higher. 

The oxidation flasks varied slightly in capacity, but the same flask 
was us(*d throughout a giv(‘n experiment, except in one case, and in 
this the effect was apparently negligible. The (*nclosed volume of 
air or nitrog(*n, later referred to as the volume of the assembly, was 
that gas enclosed in thi‘ flask and connections b('tween the stopcocks 
abov(' the two nuTcury containers (^, fig, S) at the time of closing the 
assc'mbly, corrected for tin* volume occupied by the hay sample. 
This volunu' was corr(‘cted for aqueous tension, and this corrected 
volume was computed to the arbitraiy standard conditions of 25° C. 
and 7r>()-jnm. pressure'. Consequently, the original volume of gas 
given in table 1 varies somewhat in each of the several experiments. 
The capacity of the flasks ranged from 1,037 to 1,055 cc., while the' 
volume of the assembly ranged from approximately 1,045 to 1,067 
cc. less the volume of the sample. 

A 40-gni. sample was placed loosely in tln^ oxidation flask, and the 
flask was tightly closed by means of the rubber stopper carrying the 
thennomet(*r, the condenser, and the capillary tube. The projecting 
('lul of th(' capillary tube and th(' upper end of the condenser tube were 
secundy conni'cted to their respective places in the assembly by means 
of tightly fitting rubb(»r tubing of the best quality. In an oxidation 
operation, the* heating was begun at once. When the temperature of 
th(' bath had risen to within a few degrees of the temperature at which 
it was to he maintained, the heating was continued only with the 
lu'ating coil controlled by the thermoregulator. As the temperature 
rose, the air displaced by expansion was collected in the mercury 
container connected to the condenser tube, and throughout the 
p(*riod of luxating th(‘ gas was maintained at atmospheric pressure. In 
approximately 1 hour the temperature selected for the initial temper¬ 
ature of the arbitrary period of heating, 4 hours in the comparative 
tests, was reached. The temperature rose in time to the maximum 
for the experiment, and more frequently than otherwise dropped 
slightly before the heating operation was completed. At the end 
of th(' 4-hour peroid of heating, the heater was cut off, and the bath 
was cooled as rapidly as possible to a temperatures suitable for mixing 
and sampling the gas by the rapid passtige of cold water through the 
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cooling coil provided for this purpose. Throughout the entire experi¬ 
ment the condenser tube connected with the flask was kept cold in 
order to retain as constant as possible the moisture content of hay and 
flask. 

After the enclosed gas had beerj thoroughly mixed by passing it 
back and forth from one container to the other through the flask, 
sufficient gas was drawn into one of the containers for several analyses. 
Usually this reduced the pressure in the apparatus, but it did not 
caus(» anjr leaking, as proved by the constancy of the high degn^e of 
vacuum indicated on the manometer after the residual gas had finally 
cooled to room temperature. From the analysis of thv gas aft(T 
oxidation, the volume of this gas was computed on the basis of th(‘ 
volume of nitrogen in the original volume of air in the assembly, as 
were also the volumes of carbon dioxide and oxygen. This computa¬ 
tion provided the data necessary for the determination of total changi' 
in volume, carbon dioxide formed, and oxygen consumed. 

The carbon dioxide formed and the oxygen lost by the alfalfa und(*r 
these conditions having thus been determined, a duplicate sample of th(' 
alfalfa was taken for predicating in the nitrogen. This nitrogen con¬ 
tained about 0.4 percent of oxygen, but inasmuch as the alfalfa sample's 
all appeared to contain some enclosed air, anel some' of tlu'in perhajis 
also carbon dioxide, removal of the small proportion of oxyge*n from 
the nitrogen was not considere'd essential, as it woulel ne)t have pro- 
duce'd an atmosphere entirely free from exxygen. Occlusion of air 
appears also to be re'sponsible for the appare'iit increase in the oxyge'ii 
content of the nitrogen in some of the ('xperime'iits afte*r pre*he'ating 
the alfalfa in it. The actual amounts of oxyge'ii in the* asse'inbly as 
found by analysis are given in table 1. 

The air in the asse'inbly containing the* sample was displaced as 
completely as practicable* by passage of a slow stream of nitrogen 
through the assembly for 10 to 12 houi’s, during which time cold 
water was passed rapidly through the conde*nser to pre»ve»nt loss of 
moisture from the hay. Then an extra supply of nitrogen was 
collected in one of the mercury containers, which, whe'ii we'll mixe'el 
with the nitrogen in the assemfdy, w^as sufficient tei provide* an e'xce'ss 
of the mixture for analysis. The* assembly w as then closcel at atmos- 
ph(»ric pressure, and the temperature of the enclose'd gas was recorde'd. 

The operation of heating the hay in the nitrogen was then begun 
and continued for the desired length of time* according to the* procemire 
previously outlined for the oxidation operation. At the conclusion of 
this operation a portion of the gas mixture was drawm off for lat(*r 
analysis. Then the partial vacuum produced was relieved by tin* 
introduction of fresh nitrogen, and again nitrogen w as passed through 
the assembly, for 2 to 3 hours, to reduc<' the carbon dioxide contc'iit 
and to increase the proportion of nitrogen. After this procedure an 
excess of nitrogen was introduced to providi^ as before for analysis 
of the mixture. From the results of this analysis was computed the 
volume of oxygen to be added to the volume of gas in the assembly, 
closed off under prevailing conditions of temperature and presaun*, 
to bring the oxygen content of the resultant mixture to exactly 20.86 
percent. This volume of oxygen, measured under conditions of 
temperature and pressure identical with those of the gas in the as¬ 
sembly, was then added to and mixed well with the latter gas. The 
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assembly was again closed, and oxidation with the known volume of 
this synthetic air for the 4-hour period was conducted as previously 
described. Analysis and computations were also made as before. 

In experimc'nts 1 to 5, inclusive, the three successvie operations 
outlined above were conducted in the following order: 

(а) Heating 40 gin. of the alfalfa for 4 hours in air. 

(б) Heating 40 grn. of the same alfalfa in nitrogen for 20 hours 
except in experiment 5. 

(c) Beating the product of operation (6) for 4 hours in air. 

Experinu'iits 6 to 9, carried out in a similar manner, were designed 
to provide additional information regarding the effect of the several 
luxating operations. 

Exp(*riment 10 was d(‘signed to show the effect of the presence of 
small quantiti(‘s of ammonia on th(‘ oxidation of hay. 

RESULTS 

Th(‘ results of the inv(‘stigation are shown in table 1. In the second 
column of th(‘ tabl(‘ tln^ t(*mperature range for each operation is given. 
It will b(‘ not(‘d that in experiments 1 to 5 the difference in maximum 
temperatures for operations (a) and (c) in four of the experiments 
ranged from 0.1° to 1.2°, wliih^ in one the difference was 2.7°. Inas¬ 
much as tlu' bath t(‘mperatur(‘ vari(‘d only slightly, the differences 
must be attributed to changes in the alfalfa resulting from heating it 
in nitrogen. The effect of this variation in maximum temperature is 
probably iK'gligibh* in experiments 1, 3, and 4; it may have been of 
slight cons(‘(iuenc(‘ in experiment 5; and most probably it influenced 
the' results in experiment 2. In both experiments 2 and 5 the effect 
of the* lower temperature in operation (c) uneloubtedly was unfavorable 
to an increased e)xygen consumption over the oxygen consumption 
in operation (a). 



Table 1. —Results of laboratory experiments on thf oxidation of undercured alfalfa hay before heating and after heating in an atmosphere of 
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The results of the first five experiments all show that the ratio of 
carbon dioxide foimed to oxygen absorbed was less in tlu^ samples 
previously su Wee ted to heating in nitrogen, that is, it was less in (c) 
than in (a). The fact that the ratio of carbon dioxide formed to oxy¬ 
gen absorbed is greater than unity in experiments 1 (a) and 5 (a) no 
doubt is due to some decomposition, perhaps oxidation, during the 3 
and 2 years, respectively, in which th(‘ hay was kept in cold storage. 
Furthermore, with the possible (exception of experiment 2, in which 
the conditions were unfavorable to increased oxidation, the results 
show definitely that the heating of the undercured alfalfa in an 
atmospln^re of nitrogen caused an increase in its oxygen-absorption 
prop(U*ty. 

The oxidations in tlie first five (‘xperiments were conducted ov(»r a 
4-hour period. Experiment 8 shows a greatly increased oxidation and 
carbon dioxide production over a period of 20 hours. Experiment 9 
when compared with experiment 2 (involving the same alfalfa) shows 
the effect of heating in nitrogem for 50 hours instead of 20. 

In order to obtain infonnation required for a better understanding 
of the n^sults of (experiment 4, and perhaps also of the results of thc^ 
other (experiments, experirn('nts fi and 7 were carried out as indicated. 
In cxp(eriment fi the alfalfa was h(eat(‘d for only 4 hours in nitrog('n and 
tlu'n for 4 hours in air. The r(‘sult was an oxyg(en consumption h^ss 
than that in (experinuent 4 (c) but practically tin* sam(‘ as that in 
experiment 4 (a). Mon'over, the total earf)()n dioxide fornued in 
(experiment 6 {b) and (c) was not much gneater than that in (exp(erim(‘nt 
4 (a). It thus app(ears that the 4-hour h(*ating in air in (‘xp(erim(’nt 
4 {a) produced an eff(ect on the alfalfa practically (ecjuival(*nt to the 
combined (‘ffect of the 4-hour lueating in nitrogen followed by the 
4-hour h(.eating in air, and in both cas(es the oxygen consunu'd was in 
(excess of the carbon dioxide fonn(‘d. Tlnese facts indicate that in the 
4-hour lu'ating in air unsaturated substanc(es W(ere produced in amounts 
practically identical with those produc(‘d by the 4-hour h(‘ating in 
nitrogen followed by tlu* 4-hour heating in air. In th(‘ fonner case 
these substanc(es were oxidiz(‘d almost simultaneo\isly in tin* same 
op(eration in which th(ey were produced. 

vSince in experiment (> (6), 23.22 cc. of carbon dioxide was fornual in 
the 4-hour heating in nitrogim, approximately this volume of carbon 
dioxide may reasonably be assuiiK'd to be the r('sult of heat decompo¬ 
sition in ('xpcu’inu'nt 4 (a), heaving a difference (50.10 23.22) of 26.88 cc. 
of carbon dioxide to be accounted for at the expense of the oxygen 
consumed. 

In experim('nt 7, a duplicate sample of the alfalfa was luxated for 
4 hours in nitrogen and tlnm for an aciditional 4 hours in fresh nitrogen. 
In carbon dioxide production, operation (6) agnu^d clos(4y with opera¬ 
tion (6) in (wperiment 6, while operation (c) yielded less than om^-lialf 
as much carbon dioxide (11.12 cc.) The latter volume may n'asonubly 
be suppos(‘d to approximate the volume of carbon dioxi(l(' formed in 
(experiment 4 (c) as the result of heat alone, indep('ndent of oxidation. 
But it must be (mphasized that this is only an assumption, because in 
experiment 4 op(eration (r) had been prec(‘ded by a 20-hour heating in 
nitrogen, while in experiment 7 operation (c) fiad been preceded by 
only a 4-hour heating in nitrogen. However, on this assumption the 
difference between the carbon dioxide formed in experiment 4 (c) and 
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that in experiment 7 (c) (29.76-11.12) may be considered as carbon 
dioxide formed by an equal volume of oxygen. From the data thus 
derived a methodf is suggested for estimating the approximate volume 
of oxygen absorbed independent of carbon dioxide formed by oxidation 
in the respective operations of experiments 4 and 6. On the same 
assumption, similar relations may be pointed out in experiments 1, 2, 
3, and 5, although in these experiments the assumption is less warranted 
because alfalfa different frojn alfalfa D was used. Table 2 contains an 
abbreviated presentation of the pertinent contents of table 1 inter¬ 
preted on the basis of this assumption. 


Tabi.e 2 .— Intf'rprf'tahon of pertinent data from table / 




i Oj ah- 

COj 




' sorlied 

fanned 




j hy 

by 


r.xi)erimpnt No 

Heat treatment 

1 25 gm. 

25 gm. 

Ratio 

and alfalfa used 

! of dry 

of dry 

of 2 to 1 



1 mat ter 1 

matter 




i 

i (A) 

(R) 




* (c. 

Cc, 


1. Mfalfa A 


, 



(a) 

4 hours in air 

29 tW 

44 .57 

1 5:12 

(b) 

2(1 hours in nitrogen 

3 HI 

41.27 


(c) 

4 hours in air 

.59 38 

36.93 

622 

2 Alfalfa H 


' 



(a) . 

4 hours in air 

' 69 29 

5.5. 27 

.918 

(b) 

211 hours in nitrogen 

: +1.87 

46 65 

-- 

(Cl 

4 hours in air 

69 06 

31 58 

. 526 

3. Alfalfa (' 

1 




(a) 

1 4 hours in air 

; 50 13 

46 20 

: 921 ' 

(b) 

i 29 hours in nitrogen 

-hi 44 

53.91 1 

1 - 

(C) 

; 4 hours in air 

' 63- 65 

35.93 j 

.564 

4. Alfalfa 1) 


1 


1 

(a) 

1 4 hours 111 air 

.58 15 

50. 10 

i . 862 

(b) _ . . . 

29 hours in nitrogen 

4 2 77 j 

1 46 .50 


(c) 

t hours in air 

63 35 ! 

29 76 ; 

. 470 

5. Alfalfa K 


1 

1 


in) 

4 hours in lur 

. 51 27 i 

i 5.5 84 

1 089 

(b) 

91 (4 hours in nitrogen 

1.01 ; 

1 121.64 1 


(f) 

4 hours in air 

54 39 1 

! ;43.16 , 

610 1 

6. Alfalfa I) 


, 

1 i 

i j 

(a) - e \ pe ri- 



1 

I 

inent 4 . 

4 hours in air 

.58 15 

50 10 

; .862 

(b) . 

4 hours in nitrogen 

+2 28 

2.3. 22 i 


(c) _ 

4 hours in air 

, 58 04 

29. .30 i 

' .505 j 

7, Alfalfa 1). 



1 

1 

(b) . . 

4 hours in nitrogen 

! -hi 81 

21 79 1 


(c).J 

1 4 hours in nilroeen 

, .56 

11 12 ' 



Os ab- , 
sorbed 1 
in ex- I 
c«ss I 


I COs 
I formed 
j at the 


by I 
heat I 
alone i 


of an 
equal 
volume! 
of Os 


(A)- 

(R) 


Cc 

- l.'i. 49 
22 46 
4. 9a 
2K.4<i 
a 93 
27.72 
8 O.'i 
33 59 
-4 57 
2J. 23 

8 05 


(C) 


Cc 

^ 22 .60 ' 
<‘n 12 

3 22. 50 j 

< n la’I 

3 22 50 I 

3 22.50 
*U 12 j 

3 22 50 I 

J 

«ji. 12 ! 


3 22 50 I 

-I 

Ml 12 I 


(B)- 

(D* 

(I» 


Os ab¬ 
sorbed 
with- 
|out pro¬ 
duction 
of COs 


(A)- 

(D) 


rv I 

22 07 j 
25 81*!' 


rr 
7.01 
33'57 
32 77 i 27 43 

20 4« I 39 *00 


1 


23 70 
*24.81* 
27 60 
18 M 

3:1.34 

^04* 
27 60 

'ihYs 


2tl 43 
*k84 
30. 55 
44.71 
17 93 
*.32. 35 

30.55 


' Plus .sign indicates yain in xoluine. 

* Minus sign indicates ('Os formed in excess of Os absorbed. 
3 Mean of 6 (b) and 7 (b), 

* From 7 (cl. 


In column G of tabh' 2 are given the volumes of oxygen absorbed 
in excc^ss of carbon dioxide formed. On the assumption that all 
carbon dioxide is produced at the expense of an equal volume of 
oxyg(*n, these volume's become the volumes of oxygen absorbed 
without production of <'arbon dioxide, that is, the measure of the 
oxvgen-absorptioii propt'rty of the alfalfa. 

The valiu'^ given in column 7 for expi'riments 4 and 6 were deter¬ 
mined ('xperimentally. The value 22.50 is the mean of experiment 6 
(b) and experiment 7 (6), colunm 4, and 11.12 is the value determined 
for experiment 7 (c), column 4. For the other experiments these 
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values are only assumed as approximate, since they were not deter¬ 
mined experimentally for the particular alfalfa involved. 

The volumes given in column 8 are volumes of carbon dioxide formed 
at the expense of an equal volume of oxygen, based on the volumes of 
column 7. The volumes in column 9 then become the volumes of 
oxygen absorbed without production of carbon dioxide, that is, the 
measure^ of the oxygen-absorption property. 

The values for oxygen absorbed in excess of carbon dioxide formed 
(column 6) and those for oxygen absorbed without production of 
carbon dioxide (column 9) show consistently that a decided increase in 
its oxygen-absorption property results from the luxating of the alfalfa 
in nitrogen. 

The difl‘erenc(^s in oxygi^n absorption of the hay Indore and after 
such tr(»atment, shown in column 9, are h'ss than those in column 6, 
but nevertheless the former are quiU' significant. 

The elfect of the presence of small quantities of ammonia on the 
absorption of oxygen is shown in experiment 10 (table 1). A 40-gm. 
sample of alfalfa F was heated in air for 4 hours according to the usual 
procedure (experiment 10 (u)). A duplicate sample then was taken 
and placed in a flask (experiment 10 (6)). A glass bulb of 2-cc. 
capacity, with a long capillary outlet, containing approximately 
0.8 gm. of ammonia (specific gravity, 0.90), was candully insert(‘d 
into the loose mass of alfalfa, with the capillary outlet projecting 
above the surface of the hay. No escape of ammonia from tin* bulb 
could b(‘. detected before the assembly was closi^d and heating was 
begun. At the conclusion of the experiment the volume of lujuid in 
the bulb did not appear to be greatly decreas(‘d, and it still ndained 
a strong ammonia odor. The gas collected for analysis eontairuHl 
1.40 percent of ammonia gas, which was removed from th(‘ samples 
analyzed before' the determinations of carbon dioxide* and oxygen 
were made. Table 1 shows the greatly increased absorption of 
oxygen under the influence of the ammonia. 

SIGNIFICANCE OF RESULTS IN RELATION TO SPONTANEOUS 

IGNITION 

Despite some* divergence* of opinion re'garding the re*lative* influe*nce 
of the seve'ral factors invoIve*d, it is generally agree*d among students of 
the subject that the initial anei early stages of the spontaneous heating 
of undeTOured or wet hay are due mainly to the re*spiration proce*ss of 
the living plant cells and the activity of micro-organisms, and it has 
beem proved that along with these biological activities there occurs a 
purely ch(*mical oxidation, which is a contributing factor in the pro¬ 
duction of heat. These biological activities are unqu(*stionably 
capable of raising the temp(*rature of the hay to approximately 70° (\, 
or slightly higher, p(*rhaps in some instances to 80°. But at such 
temperatures the activity of micro-organisms lU'cessarily must c(*ase 
because of the death of these organisms. Conseqiu'ntly, it is necessary 
to seek some other explanation to account for the rapid rise of tem¬ 
perature above the limits of micro-organic activity, which occurs 
when haymows are ignited. 

The earliest chemical theory advanced to account for the spon¬ 
taneous combustion of hay is based on two well-known principles. 
The first is the fact established by Dobereiner that hydrogen gas 
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ignites when brought into contact with finely divided platinum. The 
simultaneous condensation of air and inflammable gases within the 
pores and on the large surface of platinum sponge, or platinum black, 
results in such intimate contact that ignition occurs. The second 
principle is that of pyrophoresis, the behavior of a substance in the 
so-called pyrophoric condition, that is, very minute subdivision, by 
virtue of which it is capable of extremely rapid oxidation. 

The application of these principles to the explanation of the spon¬ 
taneous combustion of hay was first suggested by Buchner (Ranke^ 
7, />. SGI) in 1872. His explanation is now known as the pjyr’ophoric 
carbon theory. Because this theory in its essential principles pro¬ 
vides perhaps the most reasonable basis for an approach to the solution 
of tlu' problem, in this paper the discussion of theories of spontaneous 
combustion are confined to a brief outline of the development of the 
pyrophoric carbon theory and to an attempt to point out and correlate 
later views and observations that have led to other explanations 
involving principles similar or closely related to those underlying 
this theory. 

The most promim'nt exponent of the pyrophoric carbon theory was 
Kanke (7), who subjected the theory to critical laboratory tests. 
Jianke also had the good fortune to obstTve an actual case of the 
spontaneous combustion of hay, and because of his scientific training 
was abh» to d(‘scribe this occurrence in practically all its essential 
details in such a manner that his description remains today as perhaps 
th(» best account of this phenonnuion. He concluded that the spon¬ 
taneous ignition of the hay was due to the strong oxygen-absorption 
power of the carbonized hay. 

By carbonizing hay at 250° to 300° C., in the laboratory, Ranke was 
abl(^ to obtain a product that on exposure to air would heat to redness. 
He found, however, that if the hay was heated sufficiently to remove 
all volatile matter, tlu' charred mass would show no pyrophoric prop¬ 
erty. From tliis obsiTvatioii he concluded that very probably these 
products of destructive distillation played a part in causing sponta- 
m'ous ignition analogous to that of unsaturated oils in the self-ignition 
of oily waste. To account for the high temperature of 250° to 300° 
in the haymow', which w as supposed to be necessary for the formation 
of pyrophoric carbon, he pointed out the effective insulating properties 
of tlie densely packed hay, which prevented any great loss of heat by 
radiation. 

According to Ranke, the condition of the burnt mass constituting 
the core of uie mow^ of burning ha^^ observed by him w as that of actmil 
carbon. Apparently this obs<‘rvation and the fact that he had pro¬ 
duced a similar carbonized mass in his laboratory experiments led to 
the supposition that a temperature of at least 250° C. was required 
to form pyrophoric carbon in the mow. This conception of the neces¬ 
sity of a very high temperat lire for the formation of pyrophoric carbon 
undoubtedly greatly retarded the subsequent development of the 
pyrophoric carbon theoiy. But the difficulty of explaining such high 
temperatures led other investigators to the view that carbonization 
can DC produced at much lower temperatures. 

Mieho (5), a supporter of the low'-temperature carbonization theory, 
expressed his belief that carbonization of hay may take place at 70° C. 
over a long period wdth the same result that is attained at higher 
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temperatures in a short period. He suggested that this carbonization 
might occur by a process of dry distillation. Also he stressed the 
necessity of determining whether micro-organisms provide only the 
heat or also the easily oxidizable compounds that participate in the 
conditions causing spontaneous ignition. He opposed the view that 
ordinary heating in liaymows is due to simple chemical activity, but 
h(* suggested that when th(» temperature rose to above approximately 
70° some physical or chemical chang<' had taken place in consequence 
of the long-continued effect of heat or bacterial action at 70° which 
rendered the hay susceptible to purely chemical oxidation. 

A similar suggestion was made later by Truninger {9)^ who pointed 
out the desirability of investigating whether the activity of C(*rtain 
bact(‘ria and molds in the fcTinenting haystack may produce easily 
oxidizable substances that might serve as the source of subsequent 
purely clumiical processc's. 

A clue to the explanation of the rapid rise in ti'inperaturc* above the* 
limits of bacterial activity in the haymow, which ultimately leads to 
ignition, is given in the theory develop('d by Browne (f, pp. 25, 26) 
for the spontaneous heating and ignition of larg(‘ massc's of hay. This 
theory, which was suggested by tlu^ simpler and purely chemical 
example of the spontaneous ignition of oil-soakt‘d cotton waste, 

i8 based upon the preliminary production by micro-organisms under more or less 
perfect anaerobic conditions of unsaturated, highly unstable, intermediate-fermen¬ 
tation products upon the surfaces of the poms, cellular materials (the condition 
being therefore similar to that of the oil-coated cotton). The duration of existence 
of these readily oxidizable fermentation products is dependent upon the (|uantity 
of air that can gain access to the fermenting mass of hay aud also upon the quan¬ 
tity of moisture which is present to serve as a reacting medium. If the heaps arc 
small or of open, loose structure the intermediary compounds are destroyed almost 
as soon as formed, with the result that when vegetative micro-organic life is all 
destroyed at 70° to 80° C., there is not a sufficient residue of such easily oxidizable, 
unsaturated substances to carry the production of heat to higher limits. The heat 
of the microbial life period is probably owing in large part to the oxidation of the 
same intermediary unstable products that particif)ate in the elevation of tempera¬ 
ture above 80° * * *, In other words, the micro-organisms simydy produce 

the highly unstable compounds whose subseciuent oxidation, like that of the un¬ 
saturated oil upon cotton, generates the increasing quantities of lieat that lead 
first to the destruction of the organisms themselves and then eventually to the 
ignition of the hay. 

Considerable confusion appeal’s in discussions of pyroplioric carbon 
because of failure to distinguish clearly between so-call(»d pyrophoric 
carbon, or hay carbon, and hay that lias undergoiu* a more limited 
decomposition with every appearance of carbonization. The first, 
which is the product of severe carbonization of hay, may approximate 
true carbon and is in a condition to ignite almost immediately on 
exposure to the air. The second does not ignite at once on exposure 
to the air, but is capable of a progn^ssively rapid oxidation that can 
result in ignition. The description of the carbonized hay of Ranke 
as pyrophoric carbon also was rather unfortunate, and Ranke himself 
must have been fully aware that the product of his laboratory experi¬ 
ments, which still retained volatile empyreumutic substances upon 
which its pyrophoric properties seemed in part to depend, could not 
have been carbon. The highly carbonized matter constituting the 
core of the burning mow observed by Ranke and described by him as 
actual carbon no doubt had undergone a temperature close to ignition 
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temperature, but it should have been obvious that some of the decom¬ 
posed hay in other sections of the mow had acquired a pyrophoric 
condition perhaps long before that temperature had been reached. In 
fact, h(j o^(jrv(Hl that a load of deep-brown roweii drenched with 
water during its removal from the mow ignited repeatedly when 
spread out on the grass near a pond and finally was completely con¬ 
sumed. Very probably by the terms ^‘actual carbon^^ and “pyrophoric 
carbon^^ Rank(‘ meant a very highly but not completely carbonized 
product of hay as a whole or a true pyrophoric carbon intermingled 
with the product of a lower degree of carbonization. 

In the opinion of Truninger, the laboratory determination of the 
minimum temperatun'. required to produce nay carbon cannot be 
relied upon conclusively because such experimcuits can realize only 
imperfectly the natural corulitions in the heating mow. By warming 
finely ground hay in a dish in a drying oven up to 163° C., he pro¬ 
duced a light-brown maUTial, which be^an to glow at one narrowly 
defined zone on its surface. When the thin glowing layer was removed 
and the remaining material was mixed, the latter began to carbonize 
and after a few minutes was in full glow. In Truninger’s opinion, 
how(*ver, it is not impossible that after sufficientlv long heating at 90° 
to 95°, in the presenci* of strongly acid vapors, self-inflammable carbon 
may be formed in the mow at a temperatun* only a little higher, per¬ 
haps 120°. He ref(»rs to an instance reported to him in which hay of 
nonnal appearance pitched to the ground during the demolition of a 
spontaiK'ously ignited haystack suddenly caught fire with almost 
explosive violence. He believed that this hay was normal, properly 
f(»rm(»nt(‘d hay which had been broiight to a pyrophoric condition by 
the dry heat of a mughboring fire pocket but that hay which has been 
r(‘nd(T(Hl pyrophoric only by excessive fermentation and has itself 
produc('d tile heat m^cessary for this condition will always exist in a 
state of carbon formation. Hay that has been heateci to 110° is 
already on the point of ignition, although the actual ignition point 
det(‘rmined experinnuitally lies between 220° and 225°. The tempera¬ 
ture int<'rval between the formation of pyrophoric carbon and the 
point of ignition evidently is traversed very quickly. 

An observation similar to that of Ranke was made by Miisselman 
{(>) in the summer of 1935. wSpontaneous ignition had occurred in one 
of thr(»(‘ experimental stacks of chopped alfalfa hay. The temperatures 
varied at different points in the stack, and were excessive at some 
points. Within 2 weeks after stacking, the temperature had risen to 
144° F. (approximately 62° C.), The temperatures then continued to 
rise and were maintained just below^ 100° C. for 40 days. A further 
rise occurred during the next 16 days, and then, in the succeeding 10 
days, the temperature rose rapidly until ignition occurred on one side 
of the stack. The fire was kept under control by continued wetting 
for 3 we(‘ks wdiile observations w ere being made. It w^as noted repeat¬ 
edly that the dark-browm or almost black hay w^ould ignite wdien 
sufficiently insulated and given very little air. After the glowing 
surface of the interior mass had been removed until no evidence of 
carbonization could be seen, about a bushel of brassy-browm material 
was removed with the bare hands and placed upon a square piece of 
heavy paper, the cornel's of which were folded over and pinned so that 
the material was in a compact form but loosely enclosed to admit air. 
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This package lay on the ground for 5 hours without visible evidence 
of burning, but in 20 hours it had all been consumed. 

During the summer of 1934 Roetho, Bradshaw, and Hoffman (8) 
were affordinl th(' opportunity to investigate a barn fire in a mow con¬ 
taining approximately 200 tons of chopped alfalfa. The roof and 
upper part of iho barn were destroyed bedore the fire was extinguished, 
but very little of th(‘ hay was buriu'd. Observations made in the mass 
of unburned hay aft('r the fire disclosed the presence of numerous hot 
spots, which were comparatively small and highly localized. The 
decomposed hay in these hot spots had the appearance of a black, 
dry mass of carbonized matt(T. Wherever a fire pock(*t had formed, 
there was a small central core of ash. Surrounding this carbonized 
hay was damp black hay that still retained its original form and had 
undergone only a browning on tlu' interior of its stems. Beyond this 
section the hay was dark brown, dry, and glossy, and still fartluT 
toward the extt'rior very dry light-brown hay of dull finish appeared. 
The temperatures in these zones iner(‘as(*d progrc'ssively as th(‘ inner 
zone was approached by r<unoval of the hay, but tin* tcunperatun's 
actually observed wen* greatly influenced by exposure of the hay dur¬ 
ing removal. Just within the surface of tlie black damp hay sur¬ 
rounding one of th(‘ hot spots a temperatun* of 88° C. w^as recor(h‘d, but 
smoking and finally ignition follow^ed longcT (‘xposurc*. 

In consid(Tation of all the facts and vii'ws presc’iited above, it must 
be concluded that hay may be mach^ suseeptibh* to spontaneous igni¬ 
tion without undergoing a decomposition approaching complete^ car¬ 
bonization. In a limited and strictly scientific s(‘ns(' tiu‘ term ‘*pyro- 
phoric'^ appli(Hl to hay carbon involves the assumption that such hay 
carbon exists in a very fine state of subdivision or has b('Com(' (‘Xtremely 
porous. In a broader sense, any substance is pyrophoric that ignites 
spontaneously. In th(‘ lattcu* sense at least, the designation ^‘pyro¬ 
phoric carbon,’’ as us(‘d by Ranki* and oth(*rs, would properly ajiply 
to the carbonlike material resulting from a s('V(Te carbonization of 
hay which is sufficiently incomphde to permit the inat(Tial to retain 
its pyrophoric property and to ignit(' almost immediately upon ('x- 
posure to the air. The observation of Ranke that this pyrophoric 
property was lost when the carbonized matter of his laboratory t(*sls 
had been deprived of all its volatih* empyreumatic substances has 
been confirmed by the writer in similar exp(Tim(»nts. On the other 
hand, in the broader sense, hay that has r('ach(‘d a condition which 
falls short of the carbonaceous condition designated as pyrophoric 
carbon but in which it is capable of subsequ(‘nt progessively rapid 
oxidation resulting ultimately in ignition may not correctly b(‘ called 
pyrophoric carbon. Such hay, how^ever, should be referred to as 
pyrophoric hay, for it is indeed pyrophoric in tlui sense that it ignites 
spontaneously after suffici<'nt oxidation. 

The designation “pyrophoric hay” tluTcfore becorn(‘s applicable to 
the deep-brown rowen of Ranke, the light-browui product of Truninger 
and the supposedly normal, propc'riy fernuuited hay referred to by 
him, the brassy-brown material of Musselman, and the dark-brown 
and black products observ(»d by Roethe, Bradshaw, and Hoffman. 
Furthermore, when these have been proved to be formed in the manm^r 
suggested, the products of the long-continu('d effect of hoAit or bac¬ 
terial action on hay at comparatively low temperatures as predicted 
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by Miehe, and the unsaturated, highly unstable, intermediary fer¬ 
mentation products formed by micro-organisms as suggested by 
Browne (f), also should be included in this class of pyrophoric 
substances. 

The conception of pyrophoric hay developed in this discussion of 
the pyrophoric carbon th(»ory and related explanations of spontane¬ 
ous Ignition leads logically to the conclusion that a pyrophoric condi¬ 
tion in hay may exist over a considerable temperature range. If this 
condition is acquired at temperatures as low as that required for the 
production of brown or of black hay, hay b(*comcs pjrrophoric below 
the upper temperature limits of bacterial life, that is, below 80° C. 
According to Truninger, the temperature at which brown hay is formed 
lies between 55° and 70°, while black-hay formation occurs above 70°, 
This conclusion supports the view of Miehe that by virtue of the long- 
continued effect of h(*at or bacterial action at 70° some physical or 
ch(‘mical change takes place that renders the hay susceptible to purely 
chemical oxidation and makes even more probable the explanation of 
Browno involving the formation of unsaturated products in the 
haymow. 

The effect of the preliminary formation of unsaturated products 
in the mow on the subsc^quent rise in temperature due to oxidation 
would presumably b(‘ approximately the same regardless of whether 
th('se ])rodu(*ts w(Te produced directly by micro-organisms or indirect¬ 
ly as the result of the heat of micro-organic activity. A partial oxi¬ 
dation of theses substances in a given locality in the mow should in¬ 
crease the tenip('rature and thereby accelerate their formation, and 
under favorable conditions a partial or complete oxidation in that 
locality should promote the formation of these substances in adjacent 
localitK's in which the oxygen supply is not sufficient to destroy them 
as fast as they are formeil. The accumulation of unsaturated sub¬ 
stances in an adjacent locality should be greatly facilitated if in that 
locality air is entirely or almost entirely excluded. 

The results of the presemt investigation show conclusively that the 
heating of uruhucurecl alfalfa in an atmosphere of nitrogen at approxi¬ 
mately 70° to 78° C. results in an inen^ase in the oxygen-absorption 
property and that the oxygen consumed in the oxidation of the 
pndieated alfalfa is far in excess of the carbon dioxide formed. The 
r(»sults prove* that lu^at from external sources, exclusive of bacterial 
action, produces some change in the constituents of the alfalfa that 
rendcTs it more susceptible to oxidation. Furthermore, the results 
lend strong support to the hypothesis previously proposed that the 
(*xcess consumption of oxygen is due to an oxidation of unsaturated 
substances produced by heat. This oxidation is analogous to the 
oxidation of linsecMl or similar oils. 

Although these results were obtained in laboratory experiments 
under conditions not strictly comparable with those prevailing in a 
heating haymow, it would be difficult to explain why at the same 
temperatures the same results should not be obtained in the mow in 
localities in which air is not available during the formation of the 
unsaturated substances and in which subsequent conditions favor their 
oxidation. The conclusion seems fully warranted that in a haymow 
in which temperatures approximattdy those of the laboratory experi¬ 
ments have been reached as the result of repiratory and micro-organic 
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processes, together with the more limited chemical reactions, the hay 
will undergo fundamental changes that will render it more susceptible 
to oxidation, and if this heat is sufficiently prolonged, the hay will 
reach a condition that may propt'rly be calfed pyrophoric. 

The possibility is by no means excluded that similar experiments 
at temperatures considerably below 76° to 78° C. would show a tend¬ 
ency to an increase in oxygen consumption as the result of luxating in 
an inert atmosphere and that pyrophoric hay may be formed in the 
haymow heating spontaneously at the lower temperatures. Be that 
as it may, having once established that pyrophoric hay is produced in 
the mow, there remains little difficulty in explaining satisfactorily the 
processes that follow and may lead to spontaneous ignition. The 
influence of varying amounts of moisture in the mow, the accessibility 
of air, and a number of other conditions will determine whether or 
not the mow will actually ignite, but these conditions will always 
have the same significance irrespective* of how the prerequisite coneli- 
tions for the^ rapid rise of temperature from 70°“80° to the temperature* 
of ignition are explameel. For this reason a discussion of these* limiting 
factors need not be undertaken here. 

Finally, the significance of the results of the experiment in which 
the presence of ammonia causeel a great increase in the* oxygen absorp¬ 
tion remains to be consielered brie'fly. The proeluction of ammonia in 
hays undergoing spontaiu'ous hemting has been observeel fre*que*ntly 
by inve^stigators, and it is significant that alfalfa anel clove*!*, the hays 
richest in nitrogenous substances, are the meist susceptible to spontane¬ 
ous combustion. This production of ammonia would cause a w't*akly 
alkaline condition, wdiich should facilitate* the* conve'rsion of meiiu)- 
saceharieles of the hay into e*asily oxidizable substance's, for it is well 
known that very elilute alkali solutions cause* some kind of re*arrange‘- 
ment of the sugar molecule, re»sulting in the* formation of nume*rous 
unsaturated compounds. 

The action of strongly alkaline* solutions is more pre)nounce*d. For 
instance, Mathe^ws U) has shown that whe'ii a 0.4 normal seflutiem of 
potassium hydroxide* is allowerl to stanel in contact with ce*rtain eif 
these sugars in an atmosplu*re of hydroge*n the rearrange*ment or 
breakdown of the* sugar mole'cule by the alkali le*ads to a rapid 
absorption of oxygen admitte*d to the solution. 

The experiment referred to by Browne in support e)f liis the*ory of 
spoiltane*ous combustion, in wdiich hydroxyacrylic aciel, CHOII:- 
CIICOOH, was formed by treating a i-perce*nt aque*ous solution of 
glucose at 67° C. with 0.5 percent of coinplete»ly slaked lime in a flask 
from which air was c*xcluded, also supports the view that the pre'sence 
of ammonia in the heating haymow would greatly facilitate the forma¬ 
tion of unsaturated easily oxidizable substances from the reducing 
sugars of the hay under the influence of heat. 

SUMMARY 

A laboratory investigation of the effect of heating undercured 
alfalfa in an atmosphere of nitrogen at approximately 76° to 78° C. 
on its oxygen-absorption property is reported. 

It is shown conclusively that this heating causes an increase in 
oxygen absorption and that the oxygen consumed in the oxidation of 
the preheated alfalfa is far in excess of the carbon dioxide produced. 
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The results prove that under the influence of heat supplied from 
external sources, with the exclusion of bacterial action, changes take 
place in alfalfa that render it more susceptible to oxidation, and they 
provide further indirect evidence of the formation of unsaturated 
substances in alfalfa hay by heat and chemical action without the 
intervention of micro-organisms. 

The results are discussed in their relation to the spontaneous 
ignition of hay. The conclusion appears to be fully warranted that in 
a haymow in which temperatures approximating those of the labo¬ 
ratory experiments have been reached as the result of respiratory 
and micro-organic processes, together with the more limited chemical 
reactions, the hay will undergo fundamental changes that will render 
it more susceptible to oxidation, and if this heat is sufficiently pro¬ 
longed under favorable conditions the hay will reach a condition that 
mav appropriately be called pyrophoric. 

'tho significance of the great increase in oxygen absorption caused 
by the pr(‘sence of small quantities of ammonia is considered. The 
])roduction of ammonia in the heating haymow, resulting in a weakly 
alkaline condition of the hay, should facilitate the conversion of 
monosaccharides of the hay into unsaturated easily oxidizable com- 
])ounds and thereby promote spontaneous ignition. 
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THE GROWTH OF HALOPHILIC BACTERIA IN CONCEN¬ 
TRATIONS OF SODIUM CHLORIDE ABOVE THREE 
MOLAR ' 

By L. S. Stuart 

ABBoeiate hacteriologutt Industrial Farm Products Research Division, Bureau 
of Agricultural Chemistry and Engineering, United States Department of Agri¬ 
culture 

INTRODUCTION 

Those bacteria that cause the reddening of salted hides and salted 
fish, commonly designated as halophiles, grow more luxuriantly in 
laboratory media as the salt concentration increases from about 3 
molar to saturation. This stimulative effect of sodium chloride has 
been observed and reported by Clayton {2)^ Robert^n {6), Lockhead 
(5), and Stuart and James {IS). Halophilic bacteria also have been 
found to prefer slightly alkaline conditions for growth, as shown by 
Lefevre and Round (4), Stather and Liebscher {9, 10), and Stuart, 
Frey, and James {11). Thus, if it could be demonstrated that 
solutions of commercial sodium cldoride tend to become more alkaline 
as the concentration increases above a minimum of 3 molar, it might 
be possible to trace this stimulative effect to the establishment 
thereby of a more favorable reaction for growth. 

pH OF SALT SOLUTIONS 

When a glass electrode was used measurements of the pll values of 
solutions of various lots of sodium chloride employed in making 
laboratory media gave no indications that they become more alkaline 
with increasing concentration. In fact, many of the more impure 
lots of salt tended to become more acid as the concentration increased, 
and with chemically pure sodium chloride of analytical grade the pH 
values remained constant at all concentrations. The only lots of salt 
that had a tendency to become more alkaline with increasing con- 
c(»ntrations were certain crude, solar-evaporated salts that were 
(lecidcdlv alkaline at all of the concentrations studied. In table 1 
some pU values for salt solutions of different concentrations, made up 
with boiled distilled watc'r from five representative lots of salt, are 
given. All of these salts, when used in agar media, appeared to 
stimulate the growth of red, chromogenic, halophilic bacteria as their 
concentration w^as increased from 3 molar to saturation. 


Table ^-~pU of salt solutions from 3 to 5 molar 


lK)t 

No. 


1 

2 

3 

4 

5 


Values for molar ooucentrations iudicatod 


Material 


Commercial grade (O. A. salt)_ 

Commercial grade (mined salt).— .. 

Commercial grade (solar-evaporated salt) — 

c. p. salt (so-callei). 

c. p. salt (analytical grade). 


3.0 

3.5 

4.0 

4.5 

5.0 

pH 

pH 

pH 

pH 

pH 

6 65 

6.50 

6.23 

6.20 

6.12 

6.60 

6.52 

6.50 

6.40 

6.27 

8.00 

8.02 

8 03 

8.12 

8.20 

7,72 

7.62 

7.42 

7.31 

7.15 

6.02 

6.92 

6.92 

6 02 

6.92 


* Received for [mblieation April 26,1940. 

^ Italic numbers in parentheses refer to Literature Cited, p. 264. 
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Eh MEASUREMENTS 

Inasmuch as Stuart and James {13) have reported that relatively 
low Eh values appeared to favor the growth of organisms of this type, 
Eh measurements were made on broths containing beef extract, 
Bacto-peptone, Bacto-gelatin, and different molar concentrations of 
sodium chloride. These measurements wore made both aerobically 
and anaerobically, by the use of a bright platinum foil electrode and a 
saturated calomel-potassium chloride reference half cell at 30° C. 
Anaerobiosis was obtained by replacing the dissolved gases in the 
sample with nitrogen having a purity, as determined by analysis, of 
99.8 percent. 


Table 2. —Aerobic and anaerobic Eh measurements made on nutrient broths contain' 
ing increasing concentrations of sodium chloride 


Eh measured 

Values for molar conc*entrations of sodium ehlondo iridica1e<l 

.1.0 

3.6 

4.0 

4.6 

6.0 

Aerobically ____ 

MiUitolts 

322 

221 

Millivolt K 
314 
21 H 

Millivolts 

311 

228 

Millivolts 

304 

224 

1 

Millivolts 

207 

221 

A naorobicallV. _ _____ 



In table 2 Eh values, as calculated from measurements made both 
aerobically and anaerobically on a repri'sentative series of broths 
containing 1 percent each of Bacto-peptone and Bacto-gelatin,and 0.5 
percent of Liebig’s beef extract made up in 3, 3.5, 4, 4.5, and 5 molar 
solutions of sodium chloride are given. The pH of tlu^se broths, as 
detennined by a glass eh'ctrode, ranged from G.Ol to 0.08. 

From table 2 it would appear that nutric'nt broths such as describ(‘d 
and made up with high concentrations of sodium chloride do not con¬ 
tain a reversible system having a strong enough effect on a bright 
platinum electrode to overcome the influence of dissolved molecular 
oxygen, since differences as great as 101 mv. due apparently to this 
factor alone arc shown. The anaerobically measured values were 
much lower than those obtained aerobically and were fairly constant 
at all concentrations. The higher aerobically measured values .show(»d 
definite decreases with increase's in the .sodium chloride concentrations 
independent of slight changes in pH. The decrease in the aerobically 
measured Eh values ranged from 25 to 40 mv. depending upon tln^ 
salt as the concentration was increased from 3 to 5 molar, and was 
very uniform. Thus, the only eh'ctrometric measurement found that 
could be correlated with more luxuriant growth as the salt concentra¬ 
tion was increased appeared to be the aerobically measured Eh values. 

Since oxygen solubility decre^ases with increasing concentrations of 
sodium chloride (8), anei readings with the bright platinum electrode 
are higher in the presence of dissolved molecular oxygen, it is probable 
that the gradual decrease shown in the aerobically measured Eh values 
with increasing concentrations of sodium chloride is the result of dif¬ 
ferences in the relative amounts of dissolved oxygen. 

GROWTH OF HALOPHILIC BACTERIA 

By the use of different lots of salt, a series of nutrient agars was 
inaae up to contain 1 percent each of Bacto-peptone and Bacto-gela¬ 
tin and 2 percent of agar. These were brought to final sodium chloride 
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concentrations of 3, 3.5, 4, 4.5, and 5 molar, respectively, and their 
pH and aerobically measured Eh values were determined. Sterile 
Petri dishes were poured with aliquots of each agar and allowed to 
solidify. These were then streaked with a suspension of red halophilic 
bacteria that had been washed with sterile 3-molar salt solution from a 
salt-saturated agar slant culture. One loop of inoculum was used for 
each streak and three streaks were made on each plate. All plates 
were incubated at 30® C. for 14 days and comparative growth noted. 
In all cases growth was more luxuriant as the salt concentration in¬ 
creased, irrespective of slight decreases or increases in the pH value. 
There was also a definite decrease in the aerobically measured Eh 
value as the salt concentration increased from 3 to 5 molar. In table 
3 the results obtained with a typical series of agars made up with the 
salt, designated in table 1 as lot No. 4, are given. 


Table 3. —Initial pH values^ aerobic Eh values and comparative bacterial growth on 
nutrient agars containing increasing concentrations of sodium chloride 


Sodium chlo¬ 
ride* CKUiccn! ra¬ 
tion (moles) 

pH 

Aerobic 

£h 

Comparative 
bacterial 
growth 1 

1 Sodium chlo- 
■ ride concentra¬ 
tion (moltiS) 

pH 

Aerobic 

Eh 

Comparative 
bacterial 
growth 1 

no -. 

7 12 

Millwolti 

252 

4- 

4.5. 

6 97 

MUlwoUa 

217 

4 . 4 . 4 . 

n.5 .. 

7.11 

234 

4“ 

5.0.. 

0.92 

212 

++4* 

4.0 _ 

fi 97 

228 

++ 

1 


1 

1 


» -f-“slijrht growth; -f-+*n»o(lerate growth; 4 -f 4 -*h<*avy growth. 


These results were substantiated by quantitative counting of the 
bacterial populations in nutrient broths butforod at definite pH 
levels. Nutrient broths containing 1 percent each of Bacto-peptone 
and Bacto-gelatin were adjusted with Sorenson^s phosphate buffers 
(10 ml. M/15 in 50 ml. of final volume) to pH 6.5, 6.9, 7.2, and 8.2, 
respectively, and the sodium chloride concentration made to approxi¬ 
mately 3.2, 3.8, 4.4, and 4.8 molar for each pH. These media were 
sterilized in the autoclave for 10 minutes at 15 pounds and the pH 
and aerobic Eh values determined. Aliquots of 20 ml. were with¬ 
drawn ascptically from each broth and transferred to sterile 30-ml. 
Erlenmeyer fiasks and inoculated with 0.01 ml. of a 3-molar sodium 
chloride solution in which had been suspended the cells of red, halo¬ 
philic bacteria. In this case the cultures used were ^arcina sp. The 
organisms had been washed from a salt-saturated agar slant culture. 
All flasks were then incubated for 14 days at 30® C. 

At the conclusion of the incubation period, direct microscopic 
counts were made by means of a modification of the Breed technique 
for counting bacterial populations in raw milk. This method involves 
the even spreading of 0.01 ml. of broth over 1 sq. cm. of slide, drying, 
fitting in 90-perceiit methyl alcohol for 15 to 30 minutes, degreasing 
in xylol for 2 or 3 minutes, drying, staining in Lofflor’s alkaline methyl¬ 
ene blue for 5 minutes, washing in water, decolorizing in 95-percent 
ethyl alcohol, drying, and counting. By fixing in 90-percent methyl 
alcohol followed by washing in 90-percent cthjd alcohol for prolonged 
intervals, it was possible to dissolve out most of the salt that had 
crystallized on the smear without materially affecting tlie count. 
In making counts an oil-immersion lens with lOX compensating 
oculars was used. The value reported is the average count per 
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field computed from 15 fields counted from each of 3 preparations. 
The results are given in table 4. 

Table 4. —Effect of pH, aerobic Eh, and sodium chloride concentration of nutrient 
broth on bacterial count after incubation at 30^ C. for 14 days 

VALUES FOR MOLAR CONCENTRATION OF SODIUM CHLORIDE INDICATED 


3.2 

3.8 

4.4 

4.8 



Bacto- 



Bacte- 



Bacte- 



Bacte- 

pH 

Aero- 

rial 

PU 

Aero- 

rial 

pH 

Aero- 

rial 

pH 

Aero- 

rial 

bic Eh 

count 

bic Eh 

count 

bic Eh 

count 

bic Eh 

count 



per field 



per field 



per field 



IH‘r field 


Milli- 

Nuiri’ 


Milli- 

Nuin- 


MiUi- 

Num^ 


Milli- 

Num- 

6.62 

7.00 

7.25 

8 . 4H 

volts 

her 


volts 

her 


volts 

ber 


volts 

her 

m 

23 

6.62 

356 

94 

6 .50 

352 

146 

i). 43 

344 1 

242 

314 

65 

6 98 

307 

93 

6.80 

302 

198 

6 . 92 

290 

2:17 

m 

177 

7 18 

1 :i02 

212 

7.31 

302 

2.52 

7 25 1 

279 

342 

242 

193 

8 . 37 

234 

214 

8.42 

227 

2 M 

8 . 18 i 

2;i9 

;i40 


They show quantitatively at all salt concentrations the stimulating 
action of increasing pH. The decrease in the aerobically measured 
Eh values, with increasing pH at each salt concentration, appears to 
be caused entirely by changes in hydrogen-ion concentration. How¬ 
ever, the decrease in the aerobic Eh values, with increasing conccaitra- 
tions of salt at each of the buffered pH levels, would appear to be 
essentially independent of changes in hydrogen-ion concentration. 
There is a definite increase in the bacterial count with increasing salt 
concentration at each of the buffered pH levels. This increase, 
therefore, cannot be attributed to pH change, although it can bo 
correlated with a lowering of aerobic Eh values. 

EFFECT OF OXYGEN TENSION ON GROWTH 

Since it has been shown previously that tin*, lower aerobic Eh values 
obtained with increasing salt concentration are caused, in all prob¬ 
ability, by decreases in the amounts of dissolved oyxgen, it would 
appear that the organisms under study might possiblv prefer lowered 
oxygen tensions for optimum growth. Because of a well-defined 
tenaency to grow on the surface of agars and broths, these organisms 
have been considered heretofore as strict aerobes. 

The determination of the effect of the relative oxygen tensions upon 
the growth of a number of red chromogenic, halopbilic bacteria that 
had been isolated previously from salts and salted hides was, therefore, 
undertaken. All these organisms failed to grow on nutrient salt agar 
plates under strictly anaerobic conditions. On agars containing 1 
percent each of peptone and gelatin, made up to a concentration of 
sodium chloride of 5 molar and adjusted to pH 7, no differences in 
growth could be observed with plates incubated in an atmosphere 
containing a normal amount of oyxgen as compared to those in which 
40, 50, and 60 percent of the air had been replaced with carbon dioxide, 
nitrogen, or illuminating gas. 

On agars of the same pH and organic composition made up to a con¬ 
centration of sodium chloride of only 3 molar, growth appeared 
definitely to be stimulated when 40 and 50 percent of the air was 
replaced with either carbon dioxide, nitrogen, or illuminating gas. 
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In these experiments all plates were incubated at room temperature 
(24® to 28® C.) in Novy jars. The percentage of air in the atmos¬ 
phere of these jara was regulated by evacuation followed by a release 
of the vacuum with an excess voliune of gas of a previously adjusted 
composition. 

DISCUSSION 

The inclusion here of aerobic Eh measurements was prompted by 
the knowledge that many of the measurements reported in tne past, 
such as those of Hewitt (S), were made aerobically, and that Cannan, 
Cohen, and Clark (!) in some of their earlier work found it unneces¬ 
sary to exclude air in crude measurements of some reversible systems. 
Although the aerobic Eh measurements presented can be said to have 
served a purpose, the fact cannot be overlooked that the nutrient 
broths used did not contain a reversible system of a type that could 
b(^ studied without the exclusion of air, so far as true Eh values are 
concerned. 

In this work, however, satisfactory agreement could be secured with 
different bright platinum electrodes in both the aerobic and anaerobic 
measurements. This would indicate, according to the recent work of 
Ward that the media studied did contain some type of a reversible 
system not precipitated by high concentrations of salt. 

Thii effect of oxygen on the electrode appeared to be roughly propor¬ 
tional to the amount dissolved in the substrate. This suggested that 
tlu^ organisms studied might prefer, under certain conditions, reduced 
oxygen tension for growth. This indication was bonie out by obser¬ 
vations upon growth made in atmospheres containing reduced oxygen 
tensions. 

Stuart and James {12) studi(Kl the effect of increasing salt concen¬ 
trations on the Eh of protogenous media at various pH levels. They 
used flowing nitrogen to replace the dissolved molecular oxygen, and 
at concentrations above approximately 3 molar found that the Eh 
values remained relatively constant. The work here reported tends 
to substantiate this finding. 

On the basis of these studies, red chromogenic, halophihc bacteria 
of the typo causmg the flesh reddening of salted hides and skins and 
salted fish would appear to be stimulated in their growth by slight 
reductions in oxygen tension. The tendency of these organisms to 
be strictlv surface growers, therefore, must be dependent upon some 
factor other than a high oxygen requirement. It is suggested that 
this growth characteristic may be strictly a surface tension phe¬ 
nomenon. 

A prefennee for a slightly reduced oxygon tension may account 
in part for the stimulating effect of increasing concentrations of salt 
on the growth of halophilic bacteria when the pH is maintained at a 
constant value. Rockwell and Ebertz (7) were the first ip point out 
that the decreasing solubility of oxygen with increasing sodium 
cldoride concentration might play a part in restricting bacterial 
growth. This is probably true of many of the ordinary bacterial 
types. These studies show, however, that those bacterial types 
capable of growing at high concentrations of salt prefer reduced 
oxygen tension for growth. This may be one of the reasons why 
sodium chloride tends to exert a selective influence on bacterial 
fermentation and protein decomposition. 
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SUMMARY 

Commercial grades of sodium chloride in solution may ionize to 
become more acid or alkaline as the concentration increases from 
3 to 5 molar. This would appear to result from impurities present, 
since the pH values of solutions of chemically pure sodium chloride 
of analytical grade remained constant at all concentrations at which 
it was measured. 

Aerobically measured Eh valuers of protogenous salt media de¬ 
creased as the salt concentration increased from 3 to 5 molar. Anae¬ 
robically measured Eh values were much lower than those measun^d 
aerobically and were practically constant regardless of salt con¬ 
centration. This indicates that the decreast^ shown in the aerobic 
Eh values with increasing salt concentration can be attributed to 
differences in the relative amount of dissolved oxygen. 

The stimulating effect on bacterial growth of increasing concentra¬ 
tions of salt above 3 molar when the pH is maiutaimHi at a constant 
value can be correlated with decreases in aerobically measured Eh 
values and, thus, with slight decreases in oxygen tension. 

Growth studies made in atmospheres partly depleted of oxygen 
confirm the indications of the electrometric measurements in that 
under certain conditions halophilic bacteria prefer relatively low 
oxygen tension for optimum growth. 
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EFFECT OF PROTEIN CONCENTRATION AND CYSTEINE 
ON GROWTH OF HALOPHILIC BACTERIA^ 


By L. S. Stuart 

Associate hacteriologistf Industrial Farm Products Research Division^ Bureau of 
Agricultural Chemistry and Engineering^ United States Department of Agri-- 
culture 

INTRODUCTION 

A more thorough understanding of the factors that control the 
growth of the bacteria designated as halophiles appears to be essential 
to the development of reliable laboratory culture methods. As a 
rule, these are the organisms that grow on salt-cured fish, meat, 
hides, and skins. It has been shown that they prefer for growth a 
relatively high pH ^ or low Eh ^ and reduced oxygen tension.^ 
Halophilic bacteria have considerable economic significance, as they 
cause discolorations, changes in texture and odor, and decomposition 
of salt-cured products. 

As compared with the environment in wliich these organisms 
naturally grow, most laboratory media contain relatively low con¬ 
centrations of protein. Tliis study was undertaken primarily to 
determine the influence of protein concentration on the growth of a 
typical culture of a halophilic coccus. It has been extended to 
include the effect of the amino acid cysteine. 

EBTECT OF PROTEIN CONCENTRATION 

It has been observ’ed repeatedly in this laboratory that protein 
concentration may affect material^ the bacterial growth on media of 
high sodium chloride content. The following experiments showed 
that increasing the protein concentration may either stimulate or 
inhibit growth, depending on the concentration of sodium cliloride. 

To nutrient agars containing 1.5 parts of agar and 1 part of pro- 
teH)se peptone per 100 ml. and made up at the following molar con¬ 
centrations of sodium chloride: 3, 3.5, 4, 4.5, and 5, respectively, 
1, 2.5, 5, 7.5, and 10 percent of Bacto-gelatin were added. The pH 
of these agars was not adjusted, but electrometric measurements 
made with a glass electede immediately after sterilization showed 
no greater variation in pH between any two than db 0.2. 

Plates were poured with each of the 25 agars and allowed to 
solidify. They v^ere then inoculated by the streak method. With 
a platinum loop, three sti’eaks were made on each plate from a satur¬ 
ated sodium chloride solution in which the cells of red chromogenic 
halophilic bacteria {Sarcina sp.) had been suspended. AU plates 
W(‘re incubated at 30° C. for 21 days. Coi^arative growth, shown 
in table 1, is expressed by plus (+) signs. The comparative growth 
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may be more clearly seen perhaps in figure 1, in which a typical 
group of plates is shown. The plate shown in A was given a three 
plus (+ + + ) value, as were also D and E; B was given a one plus 
(+) value; C, a two plus (++) value; and F, a four plus (+ + + +) 
value. 




Figtre 1.—Growth of halophilic bacteria {Sarcnia sp.) after 21 da.ws’ incubation 
at 30° C. on media containing 1 percent (^) of Hacto-gelatin at 5-inolar con¬ 
centration of sodium chloride, and 1 (/^), 2.5 (C), 5 (/>), 7.5 {E), and 10 (F) 
percent of Bacto-gelatin at 3-molar concentration of sodium chloride. 

Table 1. —Growth of halophilic bacteria {Sarcina sp,) at 30^ C. on media contain¬ 
ing different concentrations of protein at various concentration of sodium chloride 


Conwntra« 
tiou of 
sodium 
chloride 
(moles) 

Growth at protein (Bacto-gclatin) concentration indicated 

1.0 

iwrceut 

2 5 

peramt 

5.0 

percent 

75 

pcTOcnt 

10.0 

(leroimt 

3.0 

+ 

++ 

4-4-4- 

4-+4- 

+ 4 . 4 . 4 . 

3.5 



-f 4-4- 

4“f-f4- 

-f-f4-4- 

4.0 

++ 

++ 

-f-H-f 

4-4- 

4-+- 

4.5 

4"f+ 

4-1-4- 

4-4-4- 

4-1- 

4-4- 

5.0 

-f-f+ 

4-++ 

4-4-4- 

-f-h 

4- 


ThosiRn + indicates sliglit growth; inodoratc growth; heavy growth; and very 

heavy growth. 

The results in table 1 show' that the stimulating effect of increasing 
concentration of sodium chloride on bacterial grow^th, which has been 
attributed in part to lowered oxygen tension,^ is only apparent with 
media containing the lower concentrations of protein. With 5 per¬ 
cent of Bacto-gelatin no differences in the giowth at the different 
sodium chloride concentrations could bo detected. With higher con¬ 
centrations of Bacto-gelatin, more luxuriant growths were obtained 
at the lowest sodium cliloride concentrations. 

For verification of these results, counts were made of the bacterial 
population of nutrient broths containing 1 percent of Bacto-peptone 


< Stuart, L. S. Seo footnote 2. 
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and 1, 3, 6, and 9 percent of Bacto-gelatin. Pour concentrations of 
sodium cliloride were used, namely, 3.2, 3.8, 4.4, and 4.8 molar, and 
those were buffered at the three pH levels, 6.5, 6.9, and 7.2, with 
Sorensen's phosphate buffers (10 ml. M/15 in 50 ml. of broth). This 
provided 48 different media. The pH of each medium was determined 
with a glass electrode, immediately after sterilization. Aliquots of 
20 ml. each were then transferred to 30-ml. sterilized Ehrlenmeyer 
flasks and inoculated with 0.01 ml. of a saturated brine suspension of 
red halophilic bacteria {Sarcina sp.). All flasks were incubated for 
14 days at 30® C. Direct microscopic bacterial counts were made by 
a modification of the Breed method, described in a previous communi¬ 
cation.® The results are recorded in table 2. 

Table 2.--Bacterial count per field of halophilic bacteria (Sarcina sp.) at S0° C. 
in Bacto-peplone media containing different concentrations of protein and sodium 
chloride at various pH levels 


pH and bacterial count at protedn (Bacto-gelatin) cvjnctuitration indicated 


rona»n- 
t rat ion 

of 
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fhloTKle 

(nioI<*s) 
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pH 
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( r> 02 
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1.13 

fi .53 
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3 2 ! 

{ 7 00 

fif) 

fi 91 

179 

fi 90 
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6 81 

2.52 


7.Z, 

177 

7.13 

186 

7 1.5 

192 

7.00 

282 


( fi C2 

94 

fi 3.5 

9fi 

6.40 

113 

fi 35 

111 

3 8 ! 

{ fi 98 

93 

fi 87 
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6 92 

1(12 

6 81 

172 

1 

i 1 

L - -i 
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7 17 



208 

7 00 

188 

I 

I 6 .50 

1 

14fi 

1 

! fi 52 1 

18 1 

1 1 

fi 49 i 

_ 

' 12 1 

6 35 

12 

4.4 

{ fi 8(» 

198 

1 fi 93 

187 ! 

fi 97 i 

1 86 i 
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1 7 31 

252 

: 1 

287 j 

7 0.5 j 

! 

193 j 

} 7.10 

188 


( fi 4.1 

202 1 

« ,10 

12 1 

6 43 1 

8 

6. 32 

9 

4.8 1 

{ fi 92 

237 1 

fi 94 

i m ' 

fi 91 

21 

fi 90 

! 13 

1 

1 7.25 

242 

7 20 

! 294 1 

7 11 I 

1 

28 

7 10 

12 


Although a relatively diliit(‘ (M/15)bufft‘,r was employed in the prep¬ 
aration of the media, there was considerable preeipitalion of insoluble 
phosphates during sterilization. This affected the pH to an appreci- 
tible degree. In some instances, where the pH after sterilization was 
so changed as to bi‘ entirely out of line with the intended buffered 
level, it was necessary to readjust the medium with either normal 
sodium hydroxide or hydrochloric acid. 

The results in table d show that with a 3.2 molar concentration of 
sodium chloride, th(‘ bacterial count increased at all pH levels as the 
protein increased. This was also true with a 3.8 molar concentration 
of sodium chloride at the two lower pH levels. At the highest pH 
level, however, increase in growth was not apparent. With 4.4 and 
4.8 molar concentrations of sodium chloride, growth decreased at 
practically all pH levels as the protein concentration became greater. 

A stimulating effect on growth was shown with an increase in the 
pH of the medium. With 1 percent of Bacto-gelatin the count in¬ 
creased as the sodium clilonde concentration increased. With 3 
percent of Bacto-gelatin this was only true at about pH 7.2. With 

• Stuart, L, S. See footnote 2. 
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6 and 9 percent of Bacto-gelatin no stimulation of ^owth occurred 
with increasing concentrations of sodium chloride. On the contrary, 
growth appeared to be markedly retarded. 

A number of the results in table 2 suggest that increasing the 
concentration of protein tends to offset the unfavorable effect of low 
pH. For example, with a 3.2 molar sodium chloride concentration 
growth with 9 percent of Bacto-gelatin at pH 6.53 and 6.81 was 
comparable to that with 1 percent at pH 7.25, whereas with 1 percent 
of Bacto-gelatin at pH 6.62 and pH 7.0 and with 3 percent at pH 
6.40, growth was apparently retarded. Similarly, with a 3.8 molar 
concentration of sodium cliloride, growth with 9 percent of protein at 
pH 6 .81 was slightly greater than with 6 percent at pH 6.92. Growth 
with 6 percent of protein at pH 6.92 was greater than with 3 percent 
at pH 6.87, and growth in the latter concentration at pH 6.87 was, in 
turn, greater than in 1 percent at pH 6.98. However, with 4.4 and 
4.8 molar concentrations of sodium chloride, this offsetting effect was 
not observed. This effect of protein on the growth of ba(jt(iria at the 
lower sodium chloride concentrations is of special interest, since it 
parallels results obtained in studies on the effect of pH and protein 
concentration on the growtli of the pneumococci, recently rrmorted by 
Kelly.® 

The inhibition of growth with increasing protein conc(‘ntrations at 
4.5 and 5 molar salt concentrations shown in table 1, and the lower 
counts with increasing protein concentrations at 4.4 and 4.8 molar 
salt concentrations, shown in table 2, are difficult to exj)lain. 

PROTEIN SOLUBILITY 

The following results with dried egg white indicate that the solu¬ 
bility of protein in solutions of sodium chlorides of 3 to 5 molar con¬ 
centrations may vary from 50 to 100 percent. This may be one factor 
responsible for inhibiting growth. 

Into each of a series of 50-m,l. glass-stoppered graduat(*s 10 gm. of 
dried egg white was placed. Sodium chloride solution of 3, 3.5, 4, 
4.5, and 5 molar concentrations, respectively, were added to bring 
the total volume to 50 ml. After 24 hours the supernatant liquid was 
decanted and centrifuged. The protein nitrogen in 25 ml. alicjuots of 
the clear centrifuged supernatant liquid is shown in table 3. 

Table 3. —Solubility of 'protein {dried egg white) at different concentralions of sodium 
chloride based on protein nitrogen 


Concen- 

tratioD 

of 

sodium 

chloride 

(moles) 

Soluble 
protein 
nitrogen * 
(in 25-ral. 
aliquots of 
super¬ 
natant 
solution) 

Concen¬ 

tration 

of 

sodium 

chloride 

(moles) 

Soluble 
protein 
nitrogen > 
(in 2.Vml. 
aliquots of 
super¬ 
natant 
solution) 


Gram 


Oram 

3.0 

0.1328 

4.5 

0.1530 

3.5 

.1848 

5.0 

.1295 

4.0 

.2137 




« K. O. A. method. 

< Kbllt, Willum H. the effects of acidity upon the growth of pneumococcus in culture 
MEDIA CONTAINING PROTEINS. Jour. Expt. Mod. 67:667-^74, Ulus. 1938. 
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The dried egg white was more soluble in 3.5, 4, and 4.5 molar 
sodium chloride solutions than in 3 molar. Solubility did not increase 
directly, however, with increasing concentrations oif sodium chloride. 
It reached a maximum at 4 molar and then decreased abruptly at 4.5 
molar. Similar results have been obtained with casein, dried beef 
blood, and collagen. Thomas and Foster ^ found that the hydrolysis 
of collagen in sodiiun chloride solutions increased in the concentration 
range from 3 to 4 molar but decreased with greater concentration. 

In these studies only one time interval was employed. The 
differences in solubility, therefore, may have been influenced some¬ 
what by the rate of solubility or the rate of chemical hydrolysis. 
Nevertheless, it is believed that the solubility figures given are 
indicative of the changes brought about in the protein concentration 
of culture media by high concentrations of sodium chloride. 

ABSORPTION OF SODIUM CHLORIDE 

The removal of sodium chloride from the medium by the proteins 
salted out may be another factor that influences growth. That rela¬ 
tively large amounts of sodium chloride may be removed from solution 
by absorption or combination with proteins salted out at 4.5 and 5 
molar concentrations of sodium cldoride is clearly illustrated by the 
following study. 

Five 1-gm. portions of collagen (hide powder), casein, and blood 
fibrin, respectively, were put into 50-ml. glass-stoppered volumetric 
gruduates. This provided a series of five graduates for each protein. 
To each series 3, 3.5, 4, 4.5, and 5 molar sodium chloride solutions 
w<T(^ added to bring the final volume to 25 ml. The graduates were 
thoroughly shaken and allowed to stand for 24 hours. Aliquots were 
then removed for d(dermination of chlorides, which was done volu- 
motrically by titration with 0.1 normal sodium sulfocyanate solution 
in the presence of a ferric indicator, after digestion with hot con- 
ccuitrated nitric acid and addition of an excess of 0.1 normal silver 
nitrate solution. The chlorides were calculated as sodium cliloride. 
The results are given in table 4. 

Tabi.e 4.— Concentration of sodiinn chloride solutions before and after contact with 

various insoluble proteins 


Concentration of original 
sodium chloride solutions 

Concentration after contact with j 
the insoluble proteins— | 

As made up 

By titration 

Collagen 

Casein 

Fibrin 

Afolei 

Motet 

Afolet 

Motet 

Moles 

3.0 

3.02 

3.03 

3.00 

3.05 

3.5 

3.43 

3.39 

3.43 

3.39 

4.0 

3.93 

3.89 

3.93 

3.93 

4.5 

4.46 

4.13 

4.32 

4.27 

6.0 

5 18 

4.13 

4.39 

4.39 


Sodium was not determined, but pH measurements were made on 
the brines both at the beginning of the experiment and after they had 
stood for 24 hours. If the chlorine ions had been preferentially ad¬ 
sorbed, it seems fairly safe to assume that marked increases in pH 
values would have been recorded. Such was not the case. 


^ Thomas. Arthur W., and Foster, Stuart B. the destructive and preservative emuct o» 
neutral salts upon hide substance. Indus, and Engin. Chem. 17:1162-1164, illus. 1925. 
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A marked increase in the absorption of sodium chloride by the pro¬ 
tein products from 5 molar solutions as compared with solutions of 
lower molarity is clearly shown. It can be calculated from the data 
in table 4 that at a 5 molar concentration the absorption is equivalent 
to approximately 1 gm. of sodium chloride per gram of dry protein. 

EFFECT OF CYSTEINE 

The inclusion of small quantities of cysteine in media has aided 
materially in cultivating at lower sodium chloride concentrations 
organisms that had beem isolated on sodium chloride-saturated agars. 
It was decmc^d advisable, therefore, to determine the relative effect of 
cysteine on growth at various sodimn chloride concentrations. Nu¬ 
trient agars were made up at the following molar concentrations of 
sodium chloride: 3, 3.5, 4, 4.5, and 5. These agars all contained 1 
percent each of proteose peptone and gelatin and 2 percent of agar. 
Each lot of agar was then divided into three equal portions, which 
were adjusted with 0.1 nonnal hydrochloric acid and 0.1 normal 
sodium hydroxide to pH 6, 7, and 8, respectively, and sterilized. Tin* 
adjusted portions w^ere then each divided into tw^o equal parts, to one 
of which 0.01 percent of cysteine-hydrochloride was added. The* 
plates were poured immediately, allownnl to solidify, and stn^aked with 
suspensions of test organisms in the manner descrilx'd for studies of 
the effect of protein concentration on growth (p. 267). Control plates 
incubated with the t(*st plates did not show any growth, indicating 
that any contaminating organisms that miglit have be(*n added witli 
the cysteine-hydrochloride would not grow" on the media used. Th(‘ 
results of these experiments are given in table 5. 

Table 5. —Growth of halophilic bacteria ((Sarcina sp.) at 30° C. on media at different 
Hodium chloride concentrations and different pll levelsy with and without the addition 
of cysteine 


(’ysh'ino 




Not added ! 

6 

-f i 

i 4 . i 

' -f 1 

+ ! 

4 

Added_ 1 

(i 


4 ! 

1 4 j 

4 ! 

4 

Not added . 

7 

+ 

44 I 

I 4.4 i 

44+ 1 

444 

Added . - - .. 

7 


4 + 44 1 

! 4444 1 

444 : 

44 

Not added- . 

K 

-f-}- 

44 

' 444 ' 

4444 , 

4444 

Added_ - 

H 

1 +4+ + 

4444 

4444 I 

4+44 1 

444 + 


Orowlli ftt scHliuin chlondi* ooncontmtion indicatod 
.3 molnr ! Ti molar I 4 molar I 4 Ti molar | Ti molar 


The sign + indicates growth; -|-+, moderate growth; ++4-, heavy growth, -f+++. very hea\ y growth 

The effect of adding cysteine was somewhat similar to that of in¬ 
creasing the protein concentration. Cysteine markedly stimulated 
growth w"ith sodium chloride at molar concentrations of 3, 3.5, and 4 
at pH 7 and 8. At pH 6 cysteine had no apparent effect on grow"th. 

The macroscopic observations given in table 5 were confirmed by 
bacterial counts. Nutrient broths containing 1 percent of Bacto- 
tryptone and 1 percent of Bacto-gelatin were made up at sodium 
chloride molar concentrations of 3.2, 3.8, 4.4, and 4.8 and buffered at 
pH levels of 6.5, 6.9, and 7.2 with Sorensen’s phosphate buffer. 
After the media were sterilized, actual pH values were determined by 
means of a glass electrode. Duplicate 20-ml. aliquots of each medium 





Aug. 16 , iMo Effect of Protein Concentration on Growth of Bacteria 273 


were transferred asoptically to sterile 30-ml. Erlenmeyer flasks. To 
one of each pair of flasks 2 mg. of cysteine was added. Each flask 
was then inoculated with a 0.01-ml. suspension of halophilic bacteria 
(Sarcina sp.), and all flasks were incubated at 30° C. for 14 days. 
Direct microscopic counts were then made. The results are shown in 
table 6. 

Table 6 . — Bacterial count per field of halophilic bacteria {i^arcina sp.) at 30^ C. in 
media at different sodium chloride concentrations and different pH levels, with and 
without the addition of cijsteine 


pH and bacterial count at sodium chloride concentration 
indicated 


C'yst«‘ine 



3.2 molar 

3.8 molar 

4 4 molar 

4 8 molar 




pH } Count 

pH : 

Count 

pH 

Count 

pH 

Count 

Not added 



« 8(1 1 

58 

6.74 i 

86 

6 80 

108 

6 69 

163 

Added 



l» 71 ; 

128 

6 68 > 

133 

6 69 

124 

6.67 

151 

Not added. 



7 11 1 

87 

7 06 1 

93 

7 00 

92 

7 00 

196 

Added. _. . . 



7 02 

217 

7 01 I 

207 i 

7 10 j 

214 

; 6 97 

1 212 

Not added . 



7 1 

118 

7 22 1 

116 I 

7 41 1 

137 

! 7 42 ' 

I 2or> 

Added. . 



7 27 

324 

7 34 i 

288 ' 

7 ;ii i 

311 

7 26 

1 316 


In table 6, with one (‘xception, a higher (?ount is shown in mc^dia to 
which cysteine was added. At the two higher pH levels the counts 
were as great at sodium cliloride concentrations of 3.2 and 3.8 molar as 
they wore at 4.4 and 4.8 molar. This was not so in media without 
cysteine. Growth was markedly increased at the lower pH level, 
with sodium chloride concentrations of 3.2, 3.8, and 4.4 molar, by the 
addition of cystiune. 

With a 3.2 molar concentration of sodium chloride, growth at pH 
t).71 with added cysteine was as great as at pH 7.34 without cysteine; 
with 3.8 molar sodium chloride, growth at pH 6,68 with added cysteine 
was greater than at pH 7.22 without cysteine; with a molarity of 4.4, 
growth at pH 6.69 with added cysteine was comparable to that at 
pH 7.41 without cysteine; and with 4.8 molar .sodium chloride, growth 
at pH 6.97 with added cysteine was comparable to that at pH 7.42 
without cysteine. These results indicate that the addition of cysteine 
may offset slightlj" the unfavorable influence of low pH values, 
similar to the effect observed with 3.2 and 3.8 molar sodium chloride 
with increasing protein concentration. 

DISCUSSION 

Working with sodium chloride brines ranging from approximately 
0 to 4 molar concentration, McLaughlin and Rockwell^ demonstrated 
that increasing the concentration of soluble protein (blood) lessened 
the effectiveness of sodium chloride solutions in inhibiting the growth 
of ordinary organisms of putrefaction. In these experiments it has 
been shown that increasing the concentration of protein stimulates 
the growth of halophilic bacteria at 3 or 3.2 molar sodium chloride 
concentration but that this influence decreases as the concentration of 
brine increases to 3.8 or 4 molar. With higher concentrations of sodium 

* McLaitohun, Osorgs D., and Rockwell, Oeoroe E. ok the bacteriology of the curing or 
animal skin. Amer. Leather Chom. Assoo. Jour. 18: 233^253, Ulus. 1923. 

274517- 
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chloride, increases in the concentration of protein have no stimulating 
effect on bacterial growth but may actually exert an inhibitory in¬ 
fluence. 

Stuart and James® reported that approximately 3 molar concen¬ 
trations of sodium chloride were more inhibitory to halophilic bacteria 
than higher concentrations. Thus the stimulating effect of increasing 
the concentration of protein in sodium chloride solutions of 3.0, 3.2, 
and 3.8 molar concentration, not observed with higher sodium chloride 
concentrations, can be interpreted as offsetting the inhibitory action 
of salt. In this respect the results are in agreement with the findings 
of McLaughlin and Rockwell.^® 

The apparent offsetting influence of increast^d concentrations of 
protein in the substrate against unfavorably low pH valu(»s, at sodium 
chloride molarities of 3.2 and 3.8 paralleling similar findings for the 
pneumococci by Kelly,” suggests that this effect may hold true for 
most bacteria. It would require, of course, further studies on a 
large number of bacterial species to establish this possibility. From 
a practical angle it may explain many unsuccessful attempts to prevent 
bacterial growth through pH control in materials containirig high 
concentrations of protein when results obtained with the usual dilute 
media are used as a guide. 

The stimulating influence of cysteine would tend to bear out the 
earlier observation by Stuart and James’^ that halophilic bact(»ria 
prefer relatively low oxidation—reduction potentials for grow th. 

Inasmuch as this work show's that halophilic bacteria grow' as wcdl 
at 3 molar concentrations of sodium eliloride as at higher concentra¬ 
tions, when small amounts of cysteine or relatively high (oncentra- 
tions of protein are incorporated in the medium, it would setan un¬ 
necessary to use higher concentrations of sodium chloride for their 
isolation and study. This would materially simplify the proc(‘dure 
necessary for the isolation of organisms from salt, salted meat, salted 
fish, or concentrated brines, for with concentrations of sodium chloride 
greater than 3 molar it is difficult to obtain agars clear and free 
from sediment. 

In studies directed toward the development of more practical 
isolation methods for halophilic bacteria, the results reported herein 
have been employed to advantage. For example, agars containing 
5 or 6 percent of Hacto-gelatin, a trace of cysteine, and 17.5 perc(^nt of 
sodium chloride with the pH adjusted to 7.2, when used for dilution 
plates on dirty, used sodium chloride from reddened hides and fish, 
have yielded counts of red, halophilic bacteria as high as a billion per 
gram. It is believed that agars of essentially this composition giv(^ 
more accurate counts of halophilic bacteria by the dilution plate 
method than has been possible heretofore, but further studies will be 
required to confirm this belief. 

SUMMARY 

Bacterial growth on agars, or in nutrient brotlis, having a concen¬ 
tration of sodium chloride greater than 3 molar are materially affected 
by protein concentration. Growth at 3, 3.2, 3.5, and 3.8 molar 

’ Scse footnote 3. 

*0 Bee footnote 7. 

See footnote 
“ See footnote 3. 
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concentrations of sodium chloride is stimulated by increasing the 
concentration of protein. At a concentration of 4 molar, growth is 
not appreciably affected, but at 4.4, 4.6, 4.8, and 5 molar, growth is 
inhibited as the concentration of protein increases. 

Increasing the concentration of protein in the substrate appears to 
offset the influence of unfavorably low pH when the sodium chloride 
concentration is not greater than 3.8 molar. 

The addition of small quantities of cysteine to agars and broths 
stimulates the growth of halophilic bacteria. There is a marked 
stimulation in media containing concentrations from 3 to 3.8 molar 
sodium chloride at pH values ranging from about 6.6 to 7.2. With 
higher concentrations of sodium chloride the stimulating effect of 
cysteine is not so noticeable. 

The addition of cysteine to media also appears to offset the influence 
of unfavorably low pH. 

The effects of the three factors—protein concentration, sodium 
chloride concentration, and pH—on the growth of halophilic organisms 
arc markedly interdependent. At 3.2 and 3.8 molar sodium chloride 
concentrations, increasing the protein concentration causes marked 
stimulation of growth when the pH is low, but only slight stimulation 
when it is high. However, when the concentration of sodium chloride 
is above 3.8 molar, increasing the protein concentration tends to 
inhibit more stronglv at the low pH than at the high. These observa¬ 
tions re-emphasize tlie fact that great care must be exercised in making 
predictions as to the effect of changing pH and sodimn chloride or 
protein concentration in a medium havmg a composition different 
from that of the reference medium. 




FACTORS INFLUENCING LENGTH OF GESTATION AND 
BIRTH WEIGHT IN CATTLE ‘ 

Hy Bradford Knapp, Jr., associate animal husbandman, W. V. Lambert,^ 
formerly senior animal husbandman, and W. H. Black, senior animal husband¬ 
man, Animal Husbandry Division, Bureau of Animal Industry, United States 
Department of Agriculture 

INTRODUCTION 

Postnatal growth and perfonnance in cattle are influenced to some 
(‘Xtent by the course of prenatal development. It is important, there¬ 
fore, to know what factors affect prenatal development and the degree 
of variation brought about by these factors. The present study was 
undertaken as part of a broad project to evaluate the factors that 
affect the efficiency of fe(»d utilization in cattle. This paper reports 
only oiKi phase of this project, the factors affecting Icngtli of gestation 
aiul birth weight. 

PREVIOUS INVESTIGATIONS 

Variations in birfh weight and duration of gestation have been 
rc'port<»d by Wing (18),^ Eckles {£), Hansen (5), McCandlish {10), 
Fit<*li, McOilliard, and Dnimm {^), Littlewood (8), and oth(‘rs. Their 
inv(»stigations show rather <h‘finite species and breed differences in 
th(»se respects. In some cas(‘s, there was an indication that the sex of 
the calf inflinuices the l(‘ngth of the gestation period, and it w^as gener¬ 
ally concluded that tlnuv is a significant difference in birth weight 
Ix'tw'een sexes. 

McCandlish (10) concluded that length of gestation period has little 
influ(*nce on the birth weight of calves and that age of cow’ and season 
of calving hav<* no influence on the duration of pregnancy. He 
showed, in a study of domestic cattle (Bos tanrus), breed variations of 
27fl to 282 days in length of gestation period and of 49 to 94 pounds in 
birth weight. Eckh's (£) indicated that calves from immature cow’s 
are smaller than those from mature cows and that cows of advanced 
ag(‘ produce smalb'r calves than cows in the prime of life. Wing (13) 
iH'ported that in 177 births, 5 sets of twins occurred which had an 
a v<»rage gestation period of 275 days. Wing also concluded that many 
cows show' a w'eli-marked individual characteristic as to length of 
gestation period. Littl(‘W'ood (8), in a study of Brahman cattle (Bos 
iftdicus), reported gestation periods of 284 to 290 days and birth 
w eights of 41 to 62 pounds. 

MATERIAL AND METHODS 

During the O-year period from 1932 to 1938, birth weights and 
gestation periods were obtained on 297 parturitions at the United 
States Department of Agriculture, Beltsville Research Center, Belts- 
vill(», Md. Tlu'se incliuhnl 164 parturitions from 65 beef Shorthoni 
cow’^s and 133 parturitions from 68 Milking Shorthorn cows. In both 
herds matings w(‘re made during cveiy month of the year so that there 

> Kecolvctl for publication June 3. 1940. 

* Doctor Lanincrt re 9 ign<Hl from the Departmont on March 22, 1940, to bec’ome associate director of the 
Afnricultural Experiment Station, Purdue University, Da Payette, Ind. 

3 Italic numbers in parentheses n>fer to Literature Cited, p. 28.5. 
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was a fairly equal seasonal distribution of calves. All birth weights 
were obtained within 12 hours following birth. In calculating gesta¬ 
tion periods, in a few cases the breeding date nearest 280 days prior 
to calving was used owing to the fact that some cows accepted service 
one or more times during pregnancy. In 6 cases out of 133 calvings 
in the Milking Shorthorn breed, for instance, cows accepted service 
during pregnancy. For example, one cow was bred 367, 337, 278, 181, 
and 118 days before parturition. The calf was a normal 84-pound 
heifer and the 278-day breeding date was used. One cow was observed 
to accept service during 2 out of 3 pregnancies included in this study. 

In the calculation of results, all abortions were excluded, as well as 
one gestation period of 322 days from tlu^ last-known service. All 
other gestations were used, but these varied not more than 21 days 
above or below 280 days. 

In the analyses of the data, variance and covariance analyses, as 
outlined by Snedecor (If), were used. 

EXPERIMENTAL RESULTS 

INFLUENCE OF SEX OF CALF ON LENGTH OF GESTATION AND ON BIRTH WEIGHT 

In table 1 arc shown the range in gestation period and the av(*rage 
birth weights by length of gestation, sex, and breed. Then‘ was 
about 2 days’ diffenuice between length of gestation period of th(^ be(*f 
Shorthorn dams giving birth to bull calves and that of tlu' dams giving 
birth to heifer calves. Analysis of variance showed that this differ¬ 
ence was not highly significant, P being less than 0.05. In the 
Milking Shorthorns there was practically no difh'nuice between the 
gestation periods when they were classified according to sex of calf. 
This observation is in agreennuit with the results obtained by Kiuajp 
and Hayden (6?), who observed differences in the Jersc»y but not in 
the Holstein breed. Littlewood {8) observed differences b(q,w<*en 
the sexes, whereas Eckles {2)y Fitch, Mcfhlliard, and Drumm 0^), 
McCandlish {10), and Wing {IS) did not. In view of these* and other 
observations, it is (*vident that length of gestation p(*riod is not greatly 
influenced by the sex of the calf. 

T.\ble 1 —Range in gestation period of dams and average birth weights of then 
calves bg length of gestation period^ sex, and breed 


Average birth weights of-- 


Length of gestation (days) 

1 Beef Shorthorn calves 

1. 

i 

Milking Shorthorn calve.s 


Males 

Females 

Total 

Males 

Female.'? 

To 

tal 


Calves 

Birth 

weight 

Calves 

Birth 

weight 

Calves 

Birth 

weight 

Calves 

Birth 

weight 

Calves 

Birth 

weight 

t 1 
> 1 
a 
u 

u 

s 


No. 

Lb. 

No. 

Lb. 

No. 

Lb. 

No. 

Lb. 

No. Lb. 

No. 

Lh 

260-264 ... 

1 

60 

1 

42 

2 

51.0 

1 ! 

44 

1 54 < 

2 

49 0 

265-260 . . 

1 

60 

1 

54 

2 

57 0 






270-274_ 

3 

68 

10 

56 

13 

58.9 

5 

67 

3 67 

8 

*67 0 

276-270... 

18 

68 

23 

64 

41 

66.0 

14 

76 

19 77 

33 

76.7 

280-284 .. 

36 

71 

30 

71 

66 

71.4 

22 

85 

26 77 

47 

81 1 

285-280. 

21 

75 

14 

71 

35 

73.3 

21 

85 

15 78 

36 

81 9 

290-294 . .. . 

4 

77 



4 

77.2 

3 

81 

4 03 

7 

87.6 

29.5-300.. ... 



1 

78 

1 

78.0 






Total or average 

84 

71.6 

80 

66.8 

164 

69.2 

06 

81.0 

67 77.6 

133 

79.2 

Average gestation 








1 




period. 

. 

281.8 

. 

279.8 


280.8 

.. . 

281.7 

.281,6 


281.7 
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The male calves in both breeds were heavier at birth than the female 
calves, the average difference being 4.7 pounds in the beef Shorthorns 
and 3.5 pounds in the Milking Shorthorns. In the former breed 
the difference was found, by analysis of variance, to be highly signifi¬ 
cant, P being less than 0.01. In the latter breed, however, the differ¬ 
ence was not significant, P being greater than 0.05. The reason 
for this difference btitween the breeds is not known but may have been 
due in part to the greater variability in birth weight of the Milking 
Shorthorn calves. In the beef Shorthorns and Milking Shorthorns, 
differences du(^. to sex accounted for only 6.5 and 2.1 percent, respec¬ 
tively, of the total variance in birth weight. 

CORRELATION BETWEEN IJINGTH OF GESTATION PERIOD AND BIRTH WEIGHT 

Several investigators, including Eckles {2) and McCandlish (fO), 
have riiported that length of gestation period and birth weight are 
not correlated. Results from the present experiment (table 1) showed 
that in both bre(^ds there w^as a definite increase in birth-weight with 
increasing length of gestation. An analysis of covariance between 
these two factors in the be(‘f Shorthorns show^ed a correlation of 0.61 
in the total population. When corrections were made for differences 
due to sex, the correlation w'as reduced to 0.60. In this breed, as 
already shown, a highly significant difference b(»t>vecn sexes vras noted 
for birth weight and a probably significant difference for length of 
g(*station p<»riod. The <|uestion arises, tln^refore, as to wdiether the 
(lifference in birth weight between sexes is due to the relatively longer 
gestation period for the bull calvt's. The anaylsis of covariance 
indicates that 25 to 35 percent of the differences in birth weight be¬ 
tween sexes can be attributed to differences in length of gestation 
period. 

In tin? Milking Shorthorns, a correlation of 0.50 was observed 
betWHMUi length of gestation period and birth w eight in the total popu¬ 
lation. and this value remained the same when correction was made 
for differences due to sex. For this breed no significant differences 
w ere observed betw een sexes in either birth w^eight or length of gesta¬ 
tion period. However, wdien variations in birth w'eight due to length 
of gestation period were accounted for by analysis of covariance, it 
was found that there was a probably significant difference between 
sexes, P being less than 0.05. 

INDIVIDUAL AND BREED DIFFERENCES IN GESTATION PERIOD AND IN 
BIRTH WEIGHT OF CALVES 

In table 2 is shown the analysis of variance of the length of gestation 
period between breeds and between cows. For this study, all cows 
with thrive or more gestations were seliMJted. The average number 
was about four gestations per cow. The analysis shows that there 
is no difference betwH?en the beef and Milking Shorthorn breeds but 
that there is a significant amount of variation between cow^s. Appar¬ 
ently there is a tendency for a cow to have a characteristic g^tation 
period. A cow^ cariying a calf a long time in one gestation is likely 
to do so in the ne^xt gestation. Some cows in this study had on 
average gestation period of 288 to 290 days, whereas others had a 
period of only 274 to 276 days, irr^pective of the sex of the calf. 
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Table 2. — Analysis of variance of length of gestation period 


Source of variance 

Degrees of 
freedom 

Sum of 
squares 

Mean 

square 


1 

1.61 

1.61 

Between cows in same breed. .... 

Between gestation periods for same cow.... 

40 

120 

1.829.16 
2.779.26 

«45.73 
23 16 

Total.. . - - .. 

161 

4,610.03 

28.63 


1 Significant (P<0 01). 


It has long boon known that cows differ in the size of their calves 
at birth. Some cows consistently have heavier calves than do others. 
Breeds likewise differ to a mark(?d degree in the average size of 
calves at birth. The analysis of variance of birth weights of the 
calves from the same cows used for the study of duration of gestation 
is shown in table 3. There was a highly significant difference in 
birth weight between the breeds as well as between cows in the same 
breed. 


Table 3.— Amlyaia of variance of birth weights 


Source of variance 


Between broods. . ... 

Between cows in same brecf! 

Between birth weights of calves from same cow 

Total. . . 


‘ Significant (P<0.01) 


DegriM's of 

Sum of 

.Mean 

frc*edom 

squares 

j scpiares 

1 

2,9H6 93 

1 > 2.9H6 93 

4(1 

5.051 16 

! 1 126 28 

120 

S.307 57 

j ()9 2:1 

161 

j 16,345 6(k 

1 

j 101 5;i 


Tables 1, 2, and 3 show the larger calves may be expected from 
cows having the longer gestation period. To detennine the corre¬ 
lation between lengtli of gestations and birth weight of calves for 
the same cow, a covariance analysis was made (table 4). The cor¬ 
relation observed in the total population was 0.50, but when differ¬ 
ences between breeds were accounted for the correlation was raised 
to 0.54. The correlation between cows in the same breed definitely 
shows that the heavy calves were from cows whose gestation periods 
were longer than the mean gestation period of the breed. This 
correlation, 0.54, expresses the relationship between the means of 
birth weight and length of gestation period for each cow. The 
correlation between calves from the same cow does not vary greatly 
from that observed within breed alone. On the basis of th(‘se results, 
the conclusion seems justified that birth weight is inflinuiced by 
kmgth of gestation and that cows which tend to cariy calves over¬ 
time, that is, longer than the mean gestation period for the breed, 
tend to have heavier calves than those that carry their calves 
undertime.,. 
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Table 4. —Analysis of covariance between length of gestation and birth weight of 

calves 


Source of variance 


Between breed. 

For test of sifmifIcaDce of adjusted mean 

squares between brei'ds_ _ 

Between eows in the same breed.-. 

BetwtMjn calves from the same cow _. . 
For test of siRnihcanee of adjusted mean 
square's Iwtwoen cows In the same brw»d 

Total.-. 


Degrees of free¬ 
dom 

CQ 

CO 

to 

Correlation co¬ 
efficient 

Degrees of free¬ 
dom 

Adjusted sum 
of squares 

Adjusted mean 
square 

] 

1.61 

69.40 

2, 986.93 








1 

2,8.58.84 

>2,858.84 

40 

1,829.16 


.<051.16 

0 .54 


120 

2,779.26 

2,620.29 

8,307.67 

.6.5 

119 

5,837.16 

49.05 




. 


40 

3.573.21 

>89.33 

101 

4,610 03 

4, m. 04 

16,345.66 

.80 

160 

12,269.21 

76.68 


> ^’•"sum; A', length of gestation {period; and V. birth weight of calf. 
* Significant (i’<O.Ol). 


INFLUENCE OF CALVING SEQUENCE AND WEIGHT OF DAM ON BIRTH WEIGHT AND 
LENGTH OP GESTATION PERIOD 

In table 5 are shown the average length of gestation of the dams 
and tlie average birth weight of the calves by sequence of calving. 
It is obvious that there w'as no significant trend in length of gestation 
b(‘tw(‘en the fii’st and subsequent gestation periods. There w^as, 
how'ev(*r, some trend in birth weight. First calves were considerably 
lighter than subsecpient calves, but beyond this point no consistent 
trend is evident. 


Table 5.- Ijifluence of calving sequence on length of gestation of darns and on birth 
weight of their calves in beef and Milking Shorthorns 


Calf st'quenee 

B 

Animals 

(Hd Shorthorn.s 

Milking Shorthorms 

Mean 

gestation 

|K*rio<J 

Mean 
birth 
weight of 
calves 

Animals 

Mean 

gestation 

fieriod 

Mean 
birth 
weight of 
calves 


Number 

l}ay* 

l^unds 

Number 

Days 

Founds 

1 . 

44 

m 0 

64.3 

41 

281.4 

74.9 

2 , 

1 .38 

282 3 

70.2 

39 

282.1 

80.3 

3. ! 

1 28 

280.7 

71.7 

20 

282,5 

84.0 

4 

1 21 

281 3 

71.4 

13 

282,7 

81.9 

. - - .' 

16 

279.2 1 

68.7 i 


279 0 

77.8 

6 .. . 

6 

278,0 

69.3 ! 

! 6 i 

285 2 

84.2 

7 . . . 

3 

280,7 1 

72 3 i 

1 

279 0 

77.3 

8 .; 

4 

283.5 i 

76.2 

2 

277 0 

77 0 

9... i 

3 

280 3 

73 3 1 

1 

283.0 

70 0 

10. 

1 

28.5.0 

78.0 1 






1 ' 






A correlation study was made with 98 beef Shorthorns to detennine 
the effwt of length of gestation period, calving seq^uence, and weight 
of dam on birth weight of the calf. The results follow. 
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Correlation Correlation 

Simple correlations between— coegieient^ 

Birth weight and length of gestation period , -. -fO. 65 

Birth weight and calving sequence_ _„ -f. 21 

Birth weight and weight of dam_ _ - 4*. 22 

Length of gestation period and calving seciuence „ _ _ —. 06 

Length of gestation period and weight of nam_ . -h.OOl 

Calving sequence and weight of dam_ +.31 

Multiple correlation between birth weight and length of gestation, calving 

sequence, and w'eight of dam_ _ _ +.62 

Partial correlations between birth weight and— 

Length of gestation, calving sequence and weight of dam constant.- +. 68 

Calving sequence, length of gestation and w'eight of dam constant-. +. 23 

Weight of dam, length of gestation and calving sequence constant-- +. 16 
I +, positive correlation; —, negative correlation. 


Tliei simple correlations indicate that length of gestation had the 
greatest influence on birth weight of calf, whereas calving sequence 
and weight of dam had little influence. No correlation was observed 
between length of gestation period and calving sequence or b(»tween 
length of gestation period and weight of dam. The multiple corre¬ 
lation of these factors, 0.62, indicates that approximately 38 percent 
of the variation in birth weight of calf may be attributed to these 
three factors. Partial correlations indicate that length of gestation 
period is by far the most important of these three factors and that 
calving sequence is slightly more important than weight of dam. 

Although the correlation between birth weight of calf and weight of 
dam is low, it is statistically significant. The ciuestion arises whethc»r 
this correlation is due to difrerences between cows; in other words, 
whether fleshing, nutrition, and environnnqit materially affect the 
birth weight of a calf from a particular cow. To det(*nnine this 
point, an analysis of covariance was made, the results of which ar(» 
shown in table 6. The correlation betwecqi cows shows a liigher 
relationship between mean weight of each cow and im^an birth weight 
of calf from each cow than that observ(*d in th(' whole population. 
The correlation between calves from the same cow (0.08) indicates 
that changes in weight of the cow du(‘ to environmental conditions 
do not materially affect the birth weight of the calf. This finding is 
in agreement with observations made during 1934, when cows in an 
extremely thin, emaciated condition as a r<*sult of the drought tended 
to have normal-size calves. There was no significant difference 
between cows in birth w'eight of calf when corrections were made for 
differences in weight of dam. 


Table 6. —Covariance analysis of birth weights of calves and weights of dams in 

be^f Shorthorns 


Source of variance} 

Degrees of free¬ 
dom 

1 

OQ 

- 

>; 

CQ 


Correlation co- 
etficient 

i 

o 

is 

ft 

Adjusted sum.s 
of squares 

Adjusted mean 
square 

Between cows . _. . - . 


1,574.955 

22.011. 191 

r 

1,972.18 

0.40 




Between calves from same cow,.. 

75 

910,737 

4,905.10 

4,211.82 

.08 

74 

4.184 76 

56 55 

For test of siuniflcance of adjusted mean 









SQuares between cows... 






22 

1,706 48 

* 77.57 

Total .-. 

97 

2, 4K5.092 

2ti. 970. 29 

iO, 184.00 

1 

0 22 

90 

h, 891. 24 

61.37 


< Bee footnote 1 of table 4. 

* not significant (P>0.05). 
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INFLUENCE OF SEASON OP CALVING ON LENGTH OF GESTATION 
AND BIRTH WEIGHT OF CALVES 

Hammond (4) calls attention to the fact that the estrus cycle 
varies with the season and that there is a relationship between estrus 
and length of gestation period. To determine whether season of 
birth affects length of gestation period and birth weight of cattle, the 
duration of gestation and birth weight of all calves were calculated 
for each season. The results of these tabulations are shown in table 7. 
In beef Shorthorns tlu* largest calves were bom in the fall months, 
and the longest gestation periods were observed in these montlis. 
The shortest gestation periods were observed in the summer months, 
but the lighest calves were bom in the spring months. In the Milk¬ 
ing Shorthorns, there was little variation in length of gestation period 
between seasons. The heaviest calves were bom in the summer 
montlis and the lightest in the spring months. An analysis of vari¬ 
ance of the effect of season shows that the variation between seasons 
was not significant. 

T^blk 7,-- Relation between season of caltring and duration of gestation and birth 

weight 


Shorthorns ' Milking Shorthorns i 7'otal 

' I 


SoasDii 

Ani¬ 

mals 

.Average 

gesta¬ 

tion 

period 

Average 

birth 

weight 

of 

calvt'S 

Ani¬ 

mals 

Average 

gesta¬ 

tion 

period 

Average 

birth 

weight 

of 

calves 

Ani¬ 

mals 

1 

Average 

birth 

weight 

of 

calves 


LVuiw- 

ber 

Days 

Pounds 

Sum¬ 

ter 

Daps 

1 1 

Sum- 

her 

Days 

Pounds 

Murrh to May. 

34 1 

2m 7 i 

66 4 

13 

282 0 

77 5 

47 

281.1 

69.4 

Jun<* to August ... 

1 4fi 1 

279 3 i 

68.9 

40 

281 0 

81.7 

86 

280.1 

74.8 

SeptoiTibor to Novfmlwr... 

! .39 1 

2H2 7 1 

71.8 

37 

282 0 

78 0 

76 

282 4 

74 8 

J )uwinb«*r to February .. j 

1 45: 

2M0 8; 

; 69.5 

43 

2SI 8 

78 5 

88 

2SL3 

73 9 


DISCUSSION 

Tlu* liiulings ill this study on length of gestation are in essential 
agreement with those reported by other investigators. The mean 
duration of gestation reported by others varies from 276 days for the 
Holstein breed to 282 days for the Guernsey. The average duration 
observed in this study for the two breeds of Shortlioms is 281 days. 
Littlcwood (5) found that the mean duration of gestation for Bos 
indicus cattle is somewhat longer. 

Several investigators have reported that length of gestation and 
birtli weight in cattle are not correlated. In this study these two 
variables were found to be correlated, the values of the correlations 
b(*ing 0.60 for the beef Shortlioms and 0.50 for the Milking Short¬ 
horns. This obsi'rvation is in agreement with the studies of Krasnov 
and Pak (7), who found a positive correlation between these factors. 
In a study of factors affectmg birth weights in swine, Lush, Hetzer, 
and Culbertson (9) suggest that length of gestation lias little eflfect 
except through size of litter, lai^c litters being bom at an earlier 
age than small litters. It seems logical that there should be a corre- 
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lation between these two variables since the fetus is increasing in age 
and should therefore be growing. Snyder {12) states that the length 
of pregnancy is subject to hormonal control and that the duration 
may be lengthened or shortened as desired. His observations led 
him to the conclusion that there may be less difference in duration 
between the various pregnancies of one individual than between the 
average duration of pregnancies of different individuals in the same 
race. This observation is in agreement with the findings obtained 
by the present authors and also with the results reported by Wing {IS), 

From the present study it would seem that birth weight is primarily 
an expression of the size, weight, ag(‘, and physiological constitution 
of the darn, and that a minor part of this varia tion is diu' to the diffcT- 
ent potentialities for growth of the calves. Therefore, birth weight 
of calves has a limited value as an index of their later growth poten¬ 
tialities. It should be noted, however, that the Arizona Agricultural 
Experiment Station {1) has observed a correlation of 0.537 ±0.031 
between birth weight and average daily gain of calves from birth to 
weaning. Krasnov and Pack (7) also observc'd a corrdation between 
birth weight and adult weight of 0.5() for males and 0.41 for females. 
In view of these findings this problem merits furtln'r study. 

SUMMARY 

A study was made of the influence of tin* following factors on 
gestation period in cows and on birth weight of th(*ir calv<*s: Sex of 
calf, individual differences in cows, breed, calving s(‘(jU(‘nce, weight 
of dam, and s(*ason of calving. Tliis study, carried on from 1932 to 
1938 at Beltsvilh*, Md., included 104 parturitions from 05 beef Sliort- 
horn cows and 133 parturitions from 08 Milking Shorthorn cows. The 
average gestation p(*rio(l for tlie be(*f Shorthorn cows was 280.8 days 
and for the Milking Shorthorn 281.7 days. Tin* respective mean 
birth weights of their calves wa*re 09.2 and 79.2 pounds. 

A probably significant difference between sexes in h'ligth of g(*sta- 
tion was observed in the be<‘f Shorthorn cows but not in tin* Milking 
Shorthorns. Differences in length of gestation p(*riod account for 
25 to 35 percent of the variation in birth weight between s(‘X(»s. 

There is a tcnd(*ney for individual cow^s to have a characteristic 
length of gestation period, and the birth weights of calves produced 
by any one cow' tend to be less variable than those of calves from dif¬ 
ferent cow’^s. Birth weight was found to be influenced by l(*ngth of 
gestation between calvings from the same cow% and cows wdiich tend 
to carry calves overtime also tend to have heavier calves. 

Breed appeared to have no effect on l(*ngth of gestation, but in 
birth weight of calves there was a highly significant differ(»nce betw'(*en 
breeds. 

A multiple correlation indicates that the combined influ(*nce of 
length of gestation, calving sequence, and W(*ight of dam account for 
38 percent of the variation in birth weights in cattle. Length of 
gestation had the greatest effect of the three factors. 

wSeason of calving had little influence on length of gestation or on 
birth weights. J 
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THE TOXICITY OF SARTWELLIA FLAVERIAE TO GOATS ‘ 


By Feank P. Mathews 

Veterinarian in charge, Locoweed Laboratory, Texas Agricultural Experiment 

Station 

INTRODUCTION 

In March 1933 the writer was requested to investigate a serious loss 
of Angora goats in a flock on a ranch in Pecos County, Tex. The 
symptoms observed in the affected animals were a gradual loss of 

weight in spite of good appetite, 
and a distended abdomen. Au¬ 
topsies revealed marked ascites 
and extensive hepatic cirrhosis 
with small calcium deposits and 
numerous bright yellow foci scat¬ 
tered throughout the cirrhotic 
areas. From the evidence avail¬ 
able it was suspected that the 
grazing of SartvxUia flaverkie was 
the cause of the losses, and som.e 
experimental hicding tests were 
undertaken. The results of the 
investigation proved this to be a 
poisonous plant, but in none of the 
experimental animals were lesions 
produced similar to those that 
prompted the investigation. S. 
flaccriae has never been shown to 
be connected with live-stock losses, 
but since the plant is frequently grazed and since it has been shovm 
to be poisonous, conditions favorable for livestock losses from this 
source are possible and the results of the investigation are, therefore, 
reported. The plant as it occurs on the range is illustrated in figure 1. 

DESCRIPTION OF SARTWEL1J.\ FLAVERIAE ^ 

SartwUia ^veriae A. Gray is a yellow-flowered composite of the 
Helenium tribe and of the Flaveria 'subtribe, growing under semiarid 
conditions and frequently in strongly alkaline soils. It is an annual 
plant, branched at the base and above, 10 to 60 cm. high, frequently 
about 30 cm. high. The stems or branches are slender, ascending, 
terete or slightly angled, and glabrous. The leaves are narrowly 
linear, 3 to 5 cm. long and about 1 mm. wide, entire and glabrous. 
The numerous small heads are 12 to 17 flowered and are arranged in 
flat-topped cymes. The involucre is bell-shaped and 2 to 3 mm. high. 
The involucral bracts are in a single series, usually 5 but sometimes 6 

> Received for publication March 28, IMO. The work herein reiwted was carried out in cooperation 
with the Bureau of Animal Industry, u. S. Department of Agriculture. 

* DewTiptlon by V. L. Cory, range botnnist, Texas Agricultural Experiment Station, substation No. 
14. Sonora. Tex. 



Fun itK 1 .—Sartwellia flaveriae as it 
occurs on the range. 
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in number, oval or elliptic, membranous and glabrous. The ray 
flowers are 3 to 5 and these have ligules 1.5 mm. long and 1 mm. 
broad. The disk flowers are 9 to 12 and these have a corolla 2 mm. 
long, the tube of which is glandular-puberulent. The achenes are 
2 mm. long, 10-ribbed, almost cylindric, and hispidulous. The scales 
of the pappus are wholly united into a cup, which is 0.5 mm. long and 
has a fimbriate edge. 

This species occurs in southwestern Texas and southeastern New 
^Mexico, and particularly in flats in which the soil is more or less highly 
alkaline. In such habitats it may grow in pure stands. In recent 
years in the trans-Pecos area of Texas where slu^ep are being pastured 
this plant has markedly increased in abundance and in areas of dis¬ 
tribution. In October 1938 it was surprising to note the occurrence 
and abundance of this plant below the New Mexico-Texas State line 
and west of the Pecos River, for in vegetation surveys made in 1927 
and 1928 it was either absent or not at all prominent in most of these 
places. 

EXPERIMENTAL METHODS 

At the start of the' investigation it was realized that the feeding of 
fresh green plant was desirable, but owing to the travel that th(' 
collection of fresh material would have required, the plan adopted 
was to make weekly collections of the green plant, keep part of each 
collection as fresh and gieen as possible for feeding the following 
week, and dry the remainder for future expe^rimentation. 

Daily forced feeding was practiced on four of th(^ animals until 
death occurred, regardless of the fact that loss of appetite, the first 
evidence of toxicity, had been apparent for some time. Th(‘ tech¬ 
nique was later mo<lifi(Hl in order to prolong the life of the animals. 
According to this inodifitHl procedure, finniing was disc-ontiniUMl as 
soon as loss of appetite was observed and was not resumed until the 
appetite returned to normal. Fecnling was then begun again and 
continued until this symptom r('appear(‘d. After this m(dhod had 
been practiced for a considerabh* time the feeding was discontinued 
for an observation period of weeks to months. Since nothing of 
interest developed the animals were subjected to a second feeding 
period. A long feeding test, therefore, consisted of a seric^s of inter¬ 
rupted feeding periods, the interruptions consisting of 3- to 5-day 
intervals which were required for the appetit(^ to return to normal. 
A total of 10 goats was employed in the investigation. The experi¬ 
ments were can-ied out at the ljOcowe(»d Laboratory at Alpine, Tex. 

The nature of the plant which was fed varied according to the time 
of the year. The young green plant was employed in the experiments 
started in June, but as the season progressed the plant material gr(^w 
correspondingly older until the middle of October. All tests con¬ 
ducted after that time vrere with dry material that had been col¬ 
lected during the summer. Most of the animals which were 
subjected to long and repeated feeding periods received both green 
and dry plant at some time during the experiment. 

RESULTS OF FEEDING TESTS 

The results of 3 years’ experimentation with 10 goats are presented 
in table 1. The presentation of a detailed n^port on each goat seems 
unwarranted; therefore, in order to conserve space the total amount 
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of the plant wliich was fed during a given feeding period has been 
divided by the total number of days in the period in order to arrive 
at an average daily dose of the plant. In reality the daily dose was 
subject to considerable variation because vomition frequently occurred, 
especially about the time or immediately prior to the loss of appetite. 
Once vomition occurred it was useless to continue the force feeding 
for that particular day. 


Table \.-ResuUit of feeding Sartwellia flaveriae to goats 


— — 

- 

- --- ' - 

—-- — 

-- 


— 

- - 


Welch! 




Aver¬ 

Dose 


(loat 

\o. 

when 

foed- 

Dates * fed S. ftarer- 

Feed¬ 
ing rx- 

Total 

amount 

age 

daily 

as pro¬ 
portion 

ResuHs 

Inc l>e 

Ulf 

riod 

fed • 

dosi* 

of body 



can 




fed 

weight 






_ 


JVr- 



Pounds 


Dayn 

Pound* 

Pound* 

cent 


75 

HO 

Sopt. 17 Nov. 27. 1934 

72 

90 

1 33 

1 00 

No ill effects: killed for autopsy 







Nov. 28,1934. 

H2 

05 

Auc ll Sept 4,1934 

25 

20 

.80 

1 22 

Sick Aug. 20, 1934; died Sept. 







14, 1934.; liver necrosis. 

103 

70 

Sept. 21-Oct 7. 1937 . 

17 

2(i 

1 53 

2 18 

Sick Oct. 7, 1937; died Oct. 13, 







1937; liver necrosis. 

90 

05 

Dee. 31, 1935 Mar. 3. 

0*1 

83 

1 29 

1 95 

Sick Feb. 28,1936; died Mar. 9, 



1936 





1936; liver necrosis. 

4H 

70 

July 24-Auc. 29, 1934 

37 

51 

1 38 

1 97 

Sick Aug. 14,1934; died Sept. 3, 








1934; liver necrosLs. 


55 

Nox. 5, 1934-Jan 23, 

HO 

' 104 i 

1 30 

2 30 

Frequent loss of apiwtite. 

nr 


1935 ; 

June 11-Auc H, 1935 ! 

.Sept 7, 1934 Jan 12. i 

.59 

1 5t 1 

i 

9! 

I 05 

Killed for autopsy Sept 2,193.5. 


75 1 

128 

1 104 

.81 

1 08 

No ill effects. 

77 ! 

1 

1935. 

i 

1 : 




j 


June 11-Sept 13,1935 | 

95 ) 110 

1 15 

1 27 ’ 

Loss of apT)etite. 


90 1 

June 23-.Vuc 0, 1930 

45 1 70 

1 .55 

1 72 

Dte<i, hvdrothorax Aug. 12, 








19,36. 

91 : 

1 «o 
] «0 

Mar 11 Afay 6,1930. 
j June 23-Oct 5. 1930 

,57 

105 

01 

100 

j 1 07 
' 1 59 

1 78 

2 08 

)No ill effects noted until Oct, 

> 3, 1936; died hydrothorax 

1 Oet. 6.1930. 



1 June24-Oet.6.19:w . 

105 

1.50 

; 1.50 

! 2 14 

Fre<iuent loss of appetite. 

70 

J 

.Sept. 9-Oct. 27, 19,30 

49 

lul 

2 (M» 

2 74 

1)0. 


1 70 

; Dee. 19, 1930 Jan, 22. 

3.5 

4(» 

' 1 14 

j 1 01 

Died, hydrothorax Jan. 23, 

1 

1 

: 1937. 





1937. 


00 

No%*. 2-Dee 19. 1930 

4K 

lOO 

, 2 08 

3 40 

\ Frequent loss of appetite. 

95 

{ ('O 1 

, Jan. 3-Feb 19. 1937 

48 

00 

’ 1 25 

’ 2 OH i 

; 1)0 


1 00 1 

Sept. 21-Oct 0 . 1937 

10 

21 

1 31 

2 IS , 

Died, hydrothorax Oet 8,1937 


> Young gm'ii, old gnHUi and dry plant fod; dry plant e\pn“ 5 s<*fl 8i» priH'D weight. 
* Dates are inc'Uisivo. 


Thrc(‘ different types of n^sults were obtaiiKnl: (1) No ill efT<»cts 
(luring the first feeding period ; (2) death associate^d with necrosis of 
the liver, produced by tlic first feeding jieriod; (3) death associated 
with pulmonary edema and hydrothorax resulting from two or more 
feeding periods. The lu'gative results were obtained with goat 75 
and during the first feeding period with goats 77 and 91. Of this 
group goat 91 rc'ceived tlie highest daily dose, consisting of an average 
of 1.78 percent of the body weight and continued for 57 days with no 
ill effects. In contrast to tlmse results are those with goat 82, which 
died after receiving 1,22-percent doses for 25 days. The apparent 
discrepancy may b(‘. due to the fact that goat 82 was fed the young 
plant, wht'reas goat 91 was fed plant which had been dried for several 
months. However, in otlior experiments the dry plant was found to 
retain miudi of its toxicity. The fat.al results associated with necrosis 
of the liver were obtained with goats 48, 82, 90, and 103. In this 
group the feeding of the plant was continuous, regardless of the fact 
that a complete loss of appetite had developed and was never regained. 

2745l7>-4()-4 
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A comparison of the toxic content of young, old, and dry plant was 
obtained with this group. Goat 82 was fed the young plant, goat 103 
an older stage of growth, and goat 90 a mixture of both old and young 
plant which had been dried for several months. From this comparison 
the young plant appears to be the most toxic, but both old and drv 
plants are seen to have retained much of the toxic principle. Death 
associated with pulmonary edema and hydrothorax was produced in 
four out of five goats which were subjected to two or more feeding 
period (goats 77, 91, 76, and 95). The fifth animal in this group, 
goat 87, was sacrificed for post-mortem studies before similar lesions 
may have had time to develop. The feeding of the plant was sus¬ 
pended in the case of these animals Mdu^never inappetence appeared 
and was not resumed until the appetite returned to normal, which 
was generally between 2 and 5 days. After a given feeding period 
the animals were held for observation and if nothing of interest 
developed, a second feeding period was started. From the results 
observed in these four animals there appear to be some cumulative 
effects, since in the case of goat 76 frequent loss of appetite was the 
only ill effect observed as a result of feeding 2.14 percent doses during 
the first feeding period of 105 days, but in the third feeding period 
1.62 percent doses caused death in 35 days. Similar r(‘sults arc 
noted for goats 77 and 95. 

SYMPTOMS 

The first evidence of toxicity was diminished appetite, followed 
within 2 or 3 days by the refusal of all food. This symptom ap¬ 
peared as early as the sixth and as late as the twenty-eighth day after 
the feeding of the plant was started. The appetite returned to normal 
3 to 5 days after the feeding of the plant was discontinued. As was 
to be expected in the case of hydrothorax, respiration was short and 
rapid after the least exertion. The development of hydrothorax in 
the animals required but 2 to 3 days. There was a listless attitude, 
but otherwise nothing of significance was noted. 

PATHOLOGY 

The gross lesions in the animals killed by a single heeding period 
consisted of an albuminous degeneration of the kidneys and numerous 
grayish-yellow areas scattered throughout the liver. In the cases of 
longer standing the thoracic cavity contained about 1,000 cc. of clear 
serum and all but about one-third of the base of the lungs had an 
edematous appearance. There was no inflammation of the lungs or 
pleura. The livers in the cases of long standing showed a finely 
mottled appearance resulting from fat changes and a slight, difiTuse 
yellow cast which was especially noticeable on the cut surface. There 
was moderate evidence of cloudy swelling of the kidneys; otherwise 
the autopsies showed this organ to be practically normal. 

Microscopically the livers of the early fatal cases showed marked 
focal necrosis of the parenchyma scattered at random throughout 
the lobule^ and frequently entire lobules wore involved. Between 
the necrotic and more or less normal liver cells the line of demarca¬ 
tion was usually prominent. In addition, the liver and kidney paren¬ 
chyma of this type of case showed some albuminous degeneration 
and fatty changes but nothing approaching the extent of the changes 
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that were found in cases of longer standing. Pigment deposits in 
much of the epithelium of the liver and kidneys gave the cells a 
brownish-yellow cast in sections stained with haematoxylin and eosin. 
In the cases of longer standing there was a marked fatty infiltrative 
degeneration of the liver and kidney epithelium but necrosis was 
not a prominent part of the picture as it was in the early fatal cases. 
Many of the kidney tubules contained casts composed of loosely 
formed granular material, but actual plugging of the tubules by these 
casts had not occurred. There was no change in the blood vessels 
of the lungs which would account for the edema and hydrothorax. 
Phagocytosis of necrotic liver cells by polymorphonuclear leucocytes 
was frequently observed (pi. 1) and was especially noticeable in 
three cases. There was no evidence of a progressive hepatic cirrhosis; 
the increased amount of connective tissue observed appeared to be 
reparatory and there was no evidence that it was exceeding its normal 
function. In the preparation of specimens for paraffin infiltration 
liver tissues were found to contam a yellow pigment which was 
soluble in alcohol. 

DISCUSSION 

At the beginning of this investigation it was hoped that information 
would be obtained on the etiology of the problem which prompted the 
investigation as wi'll as on the carotenosis of bovine livers as described 
by Buckley, Joss, Creech, and Couch.^ The history of the goat losses 
suggested early carot(‘iiosis followed by hepatic cirrhosis, and as the 
cirrhosis developed, the loss of much of the pigment. 

From the ranch where the goats unquestionably contracted the 
disease, the liver of a beef was obtained for study. This liver had an 
orange-yellow color and its microscopic appearance was similar to 
that of the livers described by Buckley, doss, Creech, and Couch. 
Sariwellia flaveriae is known to occur in both Winkler and Ector 
Counties in Texas, a region where a similar type of bovine hepatopathy 
occurs. 

In considering the results of the experiments de-scribed above, it 
may be said that, wdth the exception of the necrosis and slight pig- 
iiK'ntation of the liver parenchyma, there is nothing to suggest a 
fulfillment of the original objective of the work. However, oefore 

flaverim is definitely excluded from an association with tliis typo of 
patholo^, tests to determine the effects of feeding young, fresh, 
green plant from daily collections should be made with the facilities 
at present available to the writer such an investigation cannot be 
und<*rteken. 

In collecting the plant it was noticed that the hands of the col¬ 
lector ,acquir(‘0 a yellow discoloration rather than the green of chlo¬ 
rophyll which is characteristic in the collection of most green plants. 
This was especially noticeable in the collection of the young growth. 
Another point of interest observed in collecting the plant was its 
local photodynamic properties. If tlie bare hands and arms were 
subjecUul to" direct sunlight after handling or collecting the green 
plant an erythema developed, and if the exposure was of sufficient du¬ 
ration the reaction continued to the point of vesicle formation. 

’Buckley. John S., Joss, E. C., Crsbcb. G, T., and Couch, James F. carotenosis of bovine liv¬ 
ers ASBOCIATED WITH PARENCHYMATOUS DEGENERATION. JOUT. AgT. ReS. 40: 991-1005, UlUS. 1930. 
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There was no reaction when exposure to dirt^ct sunlight was prevented. 
This photosensitization is similar to that frequently encountered as a 
result of local applications of toilet waters, coal-tar derivatives, and 
contact with other plants. 

SUMMARY 

An investigation of a serious loss of goats due to hepatic cirrhosis 
promptc'd an investigation of the toxicity of Sartwellia flareriae. The 
results of this investigation proved that this plant is poisonous. 
Continuous feedingl^of toxic doses produced;death which was associated 
with necrosis of the liver. Long, interrupted fec'ding periods produced 
death which was associated with pulmonary ('dema and hyclrothorax 
but no necrosis of the liver. Hepatic cirrhosis W’as not produced. 



ToxiLity of Sartwellia flaveriae to Coats 


PLATE 1 



PhotoniicroKrajjh of a section of liver from ijoat 48 showing phagocytosis of 
necrotic liver cells by polymorphonuclear leucocytes. 




THE INHERITANCE OF AN ALBUMEN QUALITY CHARAC¬ 
TERISTIC OF CHICKEN EGGS* 

By F. W. Lorknz, junior poidtry hushandman^ and Lewis W. Taylor, head. 

Division of Poultry Husbandry^ California Agricultural Experiment Station^ 

INTRODUCTION 

Exporimental ovidc'iico for inheritance of an egg-albumen char¬ 
acteristic was first adduced by Lorenz, Taylor, and Almquist (7),^ who 
separated lines of birds that laid eggs witli significantly different per¬ 
centages of firm albumen. Knox and Godfrey (4, 5) found a signifi¬ 
cant difference betw(‘en the mean percentage of firm albumen in eggs 
from two breeds (White Leghorns and Rhode Island Reds) and also 
a significantly gn^ater variability in egp from different turns than in 
eggs from the same hen. They likewise concluded that percentage 
of firm albumen is hereditary. Van Wagenen and Hall (10) presented 
(‘videiice to support those findings and also demonstrated the in¬ 
heritance* of finn-albumen condition as estimated by comparison with 
photograph(‘d standards. They also found evidence of inherited 
difiVrences in percentage of outer liquid albumen. Munit) (9), using 
an entirely different analytical method, studied several egg-quality 
cliaracteristics. He failed, however, to find that either the percentage 
of firm albumen or the condition of firm albumen is inherited. 

The pn'sent naper r(*cords the results of 5 years' additional selection 
in the liigh ano low firm-album(‘n lines <lescribed by Lorenz, Taylor, 
and Almquist (7), togetluT with the results of cro.ssing these two lines. 

EXPERIMENTAL METHODS 

Eggs from the various matings were incubateti during the regular 
hatebing season in March and April, and the chicks obtained were 
brooded with otiuTS from the Poultiw Division flock. Sliortly before 
maturity the pullets were separated from the rest and moved into 
laying houses (‘quippinl with trap nests. To minimize any jiossible 
effect of environmental differcnc(*.s, birds from all egg-qualit}^ matings 
were housed togetluT. Starting about tin* first of each year, eggs 
were collected mr measurement. To avoid using very small eggs, 
tlu* first 10 to lo eggs fi*om birds that matured while measurements 
W(*re being made were discanled. When possible, 10 eggs from each 
pullet were measured, although smaller nunib(*rs were obtained from 
a few binis that matured late or that paused excessively. If less than 
o (»ggs were obtained from any bird, those data were discanled, and 
tlu* bird was eliminatiHl from (‘disideration. 

Eggs W(»r<^ broken for quality measurement about 24 hours after 
they were laid. Since ('nvinmnu'utal temperature during the interval 
before m(*asuremeut has an important effect on firm-albumen per¬ 
centage («*?), an attempt was made to minimize variation due to this 

' Received for publication April S, 1940. 

» The authors are indebteci to Dr. I -Michael Lerner for valuable criticisms and sujijiestions. As<«istanco 
in statistical computations was provideii under Work Pndects Adniinustraiion, oflicial project C05-0'«-H-2» 
Cnlt B«. 

»Italic numljiors in parentheses refer lo Literature Cited, p. 301. 
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factor by holding the eggs at 40® to 45® F., until they were broken. 
The percentage of finn albumen was determined by Holst and Alm- 
quist’s (3) methods as modified by Lorenz and Almquist (d). 

In 1933, two cockerels were cbosen from the previous year’s (G 
series) high line,* and one cockerel was chosen from the low line. 
Selected hens bred the previous year, together with sisters and half 
sisters of the cockerels, were mated with these males in an attempt to 
decrease the genetic variability of the lines in regard to percentage of 
firm albumen. The two high-line matings produced 89 pullets; the 
single low-line mating, 47. Immediately after the regular breeding 
season, the cockerels in the high-line matings were replaced by two 
cockerels obtained from a commercial poultry breeder, and 30 ad¬ 
ditional pullets were obtained from these matings.® All birds hatched 
in 1933 were banded in the H series. 

In 1934-37 further selections were made, witli the production of an 
additional 153 high-line and 111 low-line pullets. Crosses and back- 
crosses, in addition, produced 142 Fi pullets, 130 backcross to high, 
83 backcross to low, and 86 Fj pullets. Beside these, in 1935, 3 of 
the progeny of the males from the commercial breeder were mated to 
2 of the hkh-line males, and 21 pullets were obtained from these 
matings. The following year a son of one of tlu'se birds was selected 
to sire a mating pen. This mating, together with additional matings 
between progeny of the commercial brei'der’s males and high-liiu' 
birds in 1936 ana 1937, yielded an additional 40 pullets. 

* For convenience the terms “high line” and “low line” will be used to refer to the 8iK‘ceeding generations 
of birds selected for high percentage of firm albumen and for low fiercenUge of firm altminen, resiiectively. 

« Hatchability that year was rather jxior in the high line. Since conceivably an excevssivo amount of 
firm albumen might affect the embryonic development adversely, these matings were Intende^l to dis¬ 
tinguish between possible lowered hatchability due to the structure of the egg and that due to Inbreeding 
The change in males increased the hatchabilit.\ enough to ascril>e the excessive embr>onic mortalit,\ during 
the regular breeding season to clase inbreeding. These males were kindly donated by John K. Kimlier 
of the KImlier Poultry Breeding Farm. The offspring of these males are referred to henceforth as the out 
SI je male line. 



Table 1 .—Mean percentage of firm albumen for each line and cross by series and years 
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RESULTS 

The results of each year’s matings are n^corded in table 1. The 
firm-albumon percentage of eggs laid by progeny of each type of mating 
are averaged separately. In each of the 5 successive years, the high- 
line pullets laid eggs with a significantly higher percentage of firm 
albumen than did the low-line birds. A mean of 66.63 ±0.28 percent 
firm albunnm was obtained for the 295 birds in the high line during the 
entire period of selection. This mean includes individual birds whose 
eggs averaged as high as 79.3 percent, as well as some averaging as low 
as 55.1. The 211 birds in the low line averaged 55.26 ±0.37 percent, 
and the individual birds ranged between 39.3 and 70.7 perc(‘nt firm 
albumen. Despite the overlapping in the distributions of the two 
populations, a highly significant difTerence of 11.37±0.46 percent 
was observed over the entire period. 

The significantly different firm-albumen percentage, observed for 5 
years, suppoits the conclusion reached previously (7) that this (gg 
characteristic is inherited. Since Munro (9) had readied the opposite 
conclusion on his flock by a different method of analysis, these results 
were checked by duplicating his anal^^tical method as nearly as 
possible. 

Mimro measured eggs from a group of famili(^s of sistei’s in a flock 
presumably not selected for egg-quality characteristics, and analyzed 
the variance of these data between and wdthin the families. When 
he failed to find families significantly different for percentage of firm 
albumen, he concluded that the variation in this character was not, 
to any important degree, caused by inherited factoi*s. The same 
analysis of variance was carried out on the progeny of a single year’s 
matings of the higlily selected flock described in this paper, ’f'he K 
series was chosen for this purpose because it containid representatives 
of the largest number of different cross(*s. Table 2 presents the 
results of this analysis. The highly significant F value found, 4.17, 
confirms the finding (presented above) that significant difbu'ences 
between families do occur in this flock. 

Table 2. —Analysis of variance of firm-albumen percentage in the K senes, llhio ^ 


-- 




Soiim* of vanaiioo 

I )etrrocs of 
freedom 

Sum of 
siiuarcs 

M *oin 
S(|UHrti 

Total.. _ 

•222 

24 


Bolween of dams 

Within moans of dams.. 

! 

185 

4. :i77 5'4 

5, -248 71 i 

1 

iiH ;n 

28 27 


> Families of 4 or more dauKhters only inolu<ied. 

FatP-:-0 01 IS J.?l. 

In the previously published observations on these same families of 
birds, a significant increase in piu-centago of firm albumen by selection 
in the high line was reported; but no decrease resulted from selection 
in the low line. On the other hand, further sedection (as reported in 
the present paper) failed to increase the firm-albumen percentage in 
the high line, although significant differences between lines were 
maintained consistently. In the M generation, however, the per¬ 
centage of firm albumen in the low line was significantly decreased. 
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When, furthermore, the progeny of the high line by outside-male 
crosses were mated back into the high line, the group of birds obtained 
showed a significantly higher percentage of firm albumen than did the 
members of the high line. 

In any attempt to evaluate the genetics of the firm-albumen per¬ 
centage, the following points require consideration. This character 
took a large number of values between the observed extremes. First 
crosses were, in every case, int(?rmediate between the high and low 
lines; and backcrosses w<u*e for the most part intermediate between 
th(? first crosses and the respective selected inbred lines. eJudging 
from thes(5 observations, the multiple-gene hypothesis might be 
invoked to explain the nxating results. At least one criterion of this 
mechanism is not, howev(U*, met in the present instance while another 
fails in part. One of these* criteria requires that the variation of the 
F 2 generation should be greater than the variation of the Fi; the other, 
that th(j variation of the F^ b(i at least no greater than that of the 
parent g(*noration. According to the coefficients of variability 
recorded in table 3, neither of th(*se criteria is met in full. That part 
of the Fi gen(>!ration which was sired by high-line males had variability 
gnmter than that of the high-line parental generation and at least as 
great as that of the F 2 generations. 


Table 3 . - Coefficient of variation of percentage of firm albumen for each line and 

cross by series 



; 


Coottloiont of variation in i>ert'entaRO f<»r— 


Dfini’s Knv ‘ 

I .‘hire’s line ‘ 







U series 

11 scries 

J series 

K si*rif*s 

L senes 

M series 


! 

IliKh 

i High . 

__ 

7 07 


7 22 

7 49 

6.28 


Do . 

l^w’/hiKh 




9 00 

6 84 


LoH/hiKh 

- 1 Uiirh. 


1 


7 6{» 



Ilitfh/low, . . 

t do. 


) 


7. HI 



Iliffh 

' Hirh/low . . 




4 91 

9 73 


.. 

. i Hich . ! 


1 

H 90 

11 . :u 

7 64 


Hmh . . . 



i 

7.(KH 

(5 00 

3,31 


Lovr/hi^’h . 

_... j 

; Low/hiph ... , 

' - - 1 

I ! 


! 9 1 

; 8 63 


Hiv’h^ow.., 

! Hiiih/low. ... 

1 

; - > 


1 0 96 1 

1 9 13 


Do - 

' Low . 

1 ' 

j 

[ 

. 

j 11 82 j 

1 7 89 


I^IW ... 

. IvowAuph : 

1 - i 

< 


1 9 f)l 1 

i 9 95 


Do . . 

. 1 Hl'ih/low . 1 

1 i 



; 9.28 

1 6 68 i 


Do 

.. \ I.OW - . i 

1 10 07 j 

' 0 97 ! 

7 87 

8 44 

1 13 4S 1 

13 65 

Crosses hish and outside iiiak* 

j 

7 (iG 1 


5.40 

6 81 i 

6,99 

linos,* 


1 1 

1 ; 

\ 

1 


1 

i 




‘ Moe footnote 1. tat*lo 1. 

» For(>x()lamitioii iuve text. 

For the most part, the percentage of firm albumen resulting from 
any (TOss approached tin* phenotype of the dam’s line more closelv 
than that of the sire’s. The cross of low' dams and high sires averaged, 
for example, 60.16 ±0.78 (table 1), whereas the reciprocal cross 
averaged 63.89±0.46, a difference of 3.73±0.90 percent. These 
results suggest maternal inheritance. To obtain a more accurate 
estimate of the sires’ infliu^nce, a correlation analysis wras undertaken 
on all members of the population for w'hich data w'erc available for 
the appropriate relatives. Coefficients of correlation were calculated 
between the values of the daughters, the dam.s, the dams’ sisters, and 
the sires’ sisters (table 4). The percentage of firm albumen of the 
daughters’ eggs was significantly cxjrrelated with that of each of these 
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groups of relatives. The liighest correlation (r = 0.619) was obtained 
between daughters and dams; the lowest (r = 0.489) between daugh¬ 
ters and sires’ sisters. 


Table 4. —Relative importance of the contributions of damSt dams' sisters, and sires' 
sisters to the percentage of firm albumen of daughters ^ 


Firm-albumen percentage of 
(laughters in relation to the 
flrm-albumen percentage of— 

Coeffi¬ 
cient of 
correla¬ 
tion 

Partial 

beta 

P point 
of ))artial 
beta 

Coeffi 
cient of 
total de¬ 
termina¬ 
tion 

Coefli- 
cient of 
direct 
deter¬ 
mination 

Coefflciei 

detert 

with— 

j 

Dams’ 
sisters 1 

It of joint 
nination 

Sires’ 

sisters 

Dams. . 

0 6192 

0.4220 

<0.01 

0.201.3 

0.1781 

0.0710 

0.09.54 

Dams' sisters _ 

. 6.589 

.0990 

0.0K05 

0553 

.0098 



Sires'sisters . . 

.4886 

.2887 

<.0I 

. 1411 

.0834 

.0200 


Total considered_ 

1 



.4577 

.2713 

1 

1 3 1864 


> Includes values for 901 dau(;hers from 205 dams an<l 28 sires. 

> 0.1864 is tbe sum of the 3 coefficients of joint determination in the 2 columns above. 


The multiple correlation coeflRcient—using the dams, dams’ sisters, 
and sires’ sisters as independent variables—was 0.6765, showing that 
45.77 percent of the variance of the daughters’ egg quality was 
explained by inherited factors expressed in these three groups of 
relatives. All three partial regression coefficients were statistically 
significant; those for dams and for sires’ sisters were veiy highly so, 
and the coefficient for dams’ sisters had a value liigher than that 
corresponding to the commonly accepted 5-percent point. Conse¬ 
quently, each independent variable may be said to have contributed 
significantly to the total variance. 

Coefficients of direct and joint determination were calculated by 
Tolley’s method (Elliot (/)) in order to estimate more exactly the 
quantitative influence of the independent variables on the variance 
of the dependent. Of the total variance accounted for (table 4), 
more than half (27.13 percent) could be assigned to the direct effect 
of tbe independent variables; the remainder (18.64 percent) to the 
joint effect of the variables in pairs. Here, again, the greater part 
of the influence seems to come fiom the dams’ side. More than naif 
(26.13 percent) of the separate determination arises from the dam, 
and the remainder is split between the dams’ sisters (5.53 percent) 
and the sires’ sisters (14.11 percent). If, however, the sires’ pheno¬ 
type had been measurable, somewhat more detennination could 
probably be assigned to the sires’ side of the matings. Comparison 
of the direct and joint determinations supports this view. Thus most 
of the separate determination of the sires’ sisters is direct determina¬ 
tion (8.34 percent), whereas very little of the corresponding influence 
of the dams’ sisters is direct (0.98 percent^ Most of the determina¬ 
tion of the dams’ sisters is held jointly with the dams. Conceivably, 
the excess direct determination shown by the sires’ sisters might really 
be a portion of the joint determination with the sires, if the sires’ 
phenotype were measurable; and this discrepancy suggests the 
existence of an appreciable but unmeasurable airect determination 
due to the sire. 

A more direct demonstration of the sires’ influence was obtained 
by analyzing the variance of the progeny of the dams mated to both 
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high- and low-line males. The existence of a significant variance in 
such a population, caused only by differences between the different 
sires, would be definite evidence that the sires influenced the firm- 
albumen percentage of eggs laid bv their daughters. That such a 
result was obtained is shown in table 5. Ten dams were available 
for the analysis, and these had produced altogether 62 daughters by 
high-line and 65 by low-line sires. Although most of these dams were 
high-line birds, representatives of the ow and crossed lines were also 
included. The variance due to differences between high- and low-line 
sires, isolated from the variance due to differences between individual 
full-sister families, was decidedly greater than the experimental error. 
The significance of the result is made evident when the F value 
(59.55) is compared with the value of F (6.90) which would be exceeded 
in a homogeneous population of the same number of degrees of freedom 
only once in a hundred times on the average. Tliis result supports 
the view that the sires exert more determination than is evident in 
the multiple-con’elation analysis. It also, consequently, disposes of 
the complete maternal-inheritance hypothesis as inconsistent with 
the data. 


Table 5 .—Analysis of variance of firm-albumen percentage in offspring of 10 dams 
mated to both high- and low-line sires 


Sourc** of variance 

l)egr<*esof 

fn’tedom 

Sum of 
squares 

Mean 

sciuare 

I 

F 

ratp 
»0 01 

Hotwoi'n meati^ of all families . . . 

19 

413.37 




Betwwri means of sire lines ... 

1 

170.30 

170 30 

69 65 

6.90 

Betu een means of dams 

^ I 

125.61 

13.95 

4.87 

2.69 

Interaction. 

KxfM*rijnontal error 

! 9 i 

' 107 

117.56 

13.06 

2 86 

4.67 

2.69 

1 ___ 


The variance betwei'ii dams had likewise a significant F value. 
Particularly interesting, however, was the statistically significant in¬ 
teraction iJetween dams and sires (F=4.57, with 2.69 as the l-per- 
cent value). Its source was a differential response of the progeny to 
effects of dam an<l sire; the families with the higher average per¬ 
centage of firm albumen suffered the greater differences as a result 
of the different sires. Thus, besides the direct contributions of the 
genotypes of the sire and dam to the phenotype of the progeny, there 
IS an additional effect of the interaction between them. This fact 
might suggest a complementary action of some of the genes controlling 
finn-albumen percentage. 

DISCUSSION 

An attempt to postulate a complete genetic mechanism for the 
inheritance of firm-albumen percentage from the available data 
would probably not be profitable. Certain observations can, how¬ 
ever, be made. In the absence of clearly defined phenotypic ratios, 
no simple one- or two-gene pair complex would fit the data ade¬ 
quately; and multiple-gene inneritance is the simplest alternative. 

Two criteria of the multiple-gene hypothesis are not met by the 
birds studied in the present investigation, because of excessively high 
variability among progeny of the low-dam by high-sire crosses. 
These criteria are based, however, on the assumption that the parents 
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are essentially homozygous. Although the high-line birds were 
probably homozygous to a considerable degree (since 6 years of selec¬ 
tive matings failed to increase the percentage of firm albumen in 
this line—table 1), the same cannot be said of the low line. The 
fact that in the low line the firm-albumen percentage was signifi¬ 
cantly decreased in the final generation, together with the coefficient 
of variability of these birds as compared with the high lint» (table 3), 
suggests that the low-line birds were considerably more heterozygous 
in the earlier generations than were members of the high line. 

Information about the genotype of a sire is, of course, even more 
meager than that for a dam. The results of the correlation analysis 
and the analysis of variance (tables 4 and 5) show the sires’ impor¬ 
tance in det(U*mining the phenotypes of the progeny but tell nothing 
about the sirens’ genotypes. The tendeiicy for progeny of reciprocal 
matings to resejnble the dam’s family luoro closely than the sire’s, 
liowever, probably indicates that the sires were less homozygous, on 
the average, than the dams. Such a situation was ratluT more to be 
e.xpectcd than the reverse if the phenotype may be assumed to be a 
reliable measure of the genotype, since sires had to be chosen on iho 
basis of the performance of their sisters, whereas dams could be 
chosen on the basis of their own phenotypes. With such departurt^s 
from the theoretical homozygosity in the genotyp(‘s of the parental 
generations, the observed abnormal variability might result from any 
of several difl’erent combinations of i)arental genotypes consistent 
with the available data. The multiple-gene hypothesis, consequen tly, 
may not be nded out as an explanation of the mating results. 

i'hc failure of the low lino to respond to selection for several gen¬ 
erations makes dominanct^ a tempting hypothesis, and the existence; 
of dominance; for low percentage; of firm albumen was pre^viously 
postulated (7), If any appreciable; amount ed dominance existe;(l, 
however, the Fj progeny slie)uld re‘se;in.bli‘ the‘ low line^ more» ne'arly 
than the high; and this ivsult was not obtaineel (table; 1). 

Munro’s (9) finelings, which led him to e’oncluele that percentage of 
firm albumen is not inherited to any important exteuit, pose an inter¬ 
esting question in the interpretation of statistical re^sults. Quite; 
conceivably, intensive selection was n(;ce;ssary to e^stabJish difference's 
large enough to be statistically significant in a charaeteT, the measure;- 
ment of which is, by nature, not highly accurate; and, also, the; normal 
range of gemotypes in an luisclecteel population we)uld give pheno¬ 
typic differences within the inherent standard error of the deter¬ 
mination. Whether or not this hypotlmsis am (;xplain the; discordant 
results of the two papers, Munro’s conclusion may bear examination 
on the basis of the theory of the use of the “null-hypothe'ses” (Fisher 
(^)). Such a hypothesis cannot be proved by a single; expe;rimcnt, 
but may possibly be disproved; or, in other words, the; fact that 
genetic differences are not found in one flock elot's not disprove the 
existence of such differences in other floe'ks. Consequently, on the; 
basis of the positive evidence previously published (^ 5, 7, 10), 
together with its further confirmation here reported, one may con¬ 
clude that pe;rcentage of firm albumen is a heritable cliaractcr. 

The behavior of the progeny of the outside males was especially 
interesting: the results suggest that additional genetic factors for 
high percentage of firm albumen, not present in the Poultry Division 
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flock, were carried by tlicse males. In all probability, those genes 
for high firm-albumen percentage that are carried by the Poultry 
Division flock were rather qiiickly isolated in fairly homozygous 
form in the high line, whereas the ancestors of these birds were homo¬ 
zygous for one or m.orci additional genes for low firm-albumen per¬ 
centage, the allels of which were carrie.d by the introduced males. 

SUMMARY 

The heritable nature of firm-albumen percentage is confirmed, and 
some data are presented concerning the mode of inheritance of this 
egg-(}uality character. 

The two lines of birds established maintained an average difference 
of 11.37 ±0.4(5 percent of firm albumen. Continued selection failed 
to increase this diffc^rcnce until the final year of mating. Then the 

1 )ercentage of firm albumen in the low line was significantly decreased, 
^'urther increase in tlu* percentage of firm albumen was accomplished 
only by bringing outside stock into the high line. Crossing the two 
lines resulted in int('.riuc<liate progeny, and backcrossing these prog- 
(‘iiy produced offsjjring intennediatc bc'twccn the F, and the parental 
generations. In general the progeny resembled the dam’s line more 
closely than the sire’s. The contribution of the sire was demonstrated 
to be of substantial importance, liowever, by a multiple-correlation 
study and by analysis of variance of the population. The e.\istence 
of a significant interaction betw«*en the genetic contributions of the 
sire aiul dam was also demonstrated. 
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THE CHEMICAL COMPOSITION AND APPARENT DIGEST¬ 
IBILITY OF NUTRIENTS IN CRESTED WHEATGRASS 
HARVESTED IN THREE STAGES OF MATURITY* 

Hy Jerry Sotola 

Aaaociaie professor and associak animal husbandman, Washington Agricultural 

Experiment Station 

INTRODUCTION 

Crested wheatgrass (Agropyron eristaium (L.) Beauv.), a^ winter- 
liardy, drought-resistant, long-lived perennial bunchgrass, is being 
produced extensively^ and a study oi its nutritive value has much 
immediate practical sirniihcance in spite of the fact that the individual 
plants are variable in height, shape of head, character of awns, size of 
seetl, number of seed-bearing shoots, habit of root growth, and leafi¬ 
ness. 


PLAN OF THE INVESTIGATION 

The digestibility of the nutrients in the 4- and 10-inch clippings of 
standard crested wheatgrass was determined in both the fresh and the 
dried state. Samples of the forage (fig. 1), which was 36 inches high 
at the anther-falling stage, were studied in a similar fashion, since this 
by many workers is considered to be the proper stage of maturity 
at which to cut this grass for hay. Samples were also collected every 
15 days from previously undisturbed plants to detennine chemical 
changes in the plants during the period from early May to September. 

REVIEW OF LITERATURE 

Crested wheatgrass starts growth 1 to 2 weeks earlier in the spring 
than numerous other grasses, according to Ijove (7).* Its water re¬ 
quirement was reported by Dillman (S) to be 880±10 in one year 
and 1,024 ±34 the following year. It is hardier, more drought- 
resistant, and longer-lived than slender wheatgrass, according to 
Westover and his coworkers {16). During a 15-year experiment at 
the Montana Experiment Station {10) crested wheatgrass produced 
an average yield of 1 861 pounds of hay per acre, with smooth brome 
yielding 1,776 pounds and slender wheatgrass 1,770 pounds. A 
stand of crested wheatgrass may live for 15 years, according to West- 
over {16). It is easy to cure for hay at the anther-falling stage {15), 
the resulting forage being quite palatable to livestock. 

Kirk {6) points out that crested w'heat^ass becomes dormant durii^ 
the hot summer, reviving with fall rains and cool weatlier. It is 
recommended for reseeding depleted range lands in the semiarid 
districts. 

I Received for publlcution January 17» 1040. Published as Scientific Paper No. 442, CollcRe of A^culture 
and Experiment Station. State Colleyte of Waahiiiffton. 

»Italic numbers in parenthest^s refer to Literature Cited, p, 310. 
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Although primarily used for pasture, crested wheatgrass produces a 
good grade of hay, and on dry land, when so used, should be planted in 
rows, according to Jackman and his coworkers (J). It may be seeded 
with alfalfa to reduce weed infestation of meadows, and its presence 
reduces danger of bloat to cattle or sheep on such pasture. 



Figure l.-“Type of standard crested wheatgrass (Agropyron cristatum (L.) 
fieauv.) fed to sheep during digestion experiments. 


Crested wheat^ass was found to be very drought-resistant by 
Hopper and Nesbitt (4) in North Dakota and by Morris (8) in Colo¬ 
rado* Westover et al. (16, p, 13) found that in crested wheatgrass. 
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reduced to a 15-percent moisture basis, the clippings of May 10 con¬ 
tained 21.01 percent of crude protein and 21.16 percent of crude fiber, 
but those of August 10 contained only 9.05 percent of crude protein 
and 25.61 percent of crude fiber. 

Woodman and his coworkers (19) conducted digestion experiments 
with sheep, feeding them mixed §rass clippings. In samples of grass 
from cuttings made at frequent intervals, 80 percent of the organic 
matter was digestible. This compares favorably with concentrates, 
the clippings being far superior to good-quality meadow hay. 

At the Vennont Experiment Station (9) digestion trials with dairy 
cows fed artificially dried young grass and samples of the same grass 
fresh show them to be equally digestible. On the basis of 90.17 per¬ 
cent dry matter, the digestible-nutrient content of the dried grass was 
64.37 and that of the green grass 63.36 percent. 

In digestion trials with sheep, Watson and Ferguson (14) fed fresh 
l)astiire grass and portions of the same sample dried at 200® and at 
600® C. The results indicated that drying at 200® had no depressing 
effect on the digestibility, but that dehydration at 600® had a markedly 
de])ressing action. Woodman, Bee, and Griffith (17) in trials with sheep 
used fresh young grass dried and pressed into cakes and found that 
sti'ain or kiln drying did not affect digestibility, the results being the 
same as with the fresh grass. 

DigestioTi exp(>rirnents conducted by Woodman, Blunt, and 
Stewart (IS) with two wether sheep showed that the organic matter 
of young pasture grass from April to May was 83.6 percent digestible, 
hut in July digestibility had decreased to 74.0 percent. The digesti¬ 
bility of crude protein varied from 85.4 percent in early season to 
76).() percent, in midseason. Early in the spring the nutritive value of 
pasture* grass r(*sembled that of concentrates rather than that of 
roughages. The percentage of calcium increased to a maximum in 
the dry S(*ason, falling off in the later stages. The phosphate per¬ 
centage showeel the opposite trend, its range, however, not being as 
wide. 


CHEMICAL ANALYSES 

Samples tak<‘n ev<*ry 2 weeks from previously undisturbed plants 
were measured, cut at the ground line, and then air-dried for sub- 
s(*qu<*nt cln*mical study. The official methods of analysis were 
used (2). Th(* n^ults, computed to the fresh and water-free bases, are 
contained in table 1. They show rather market! trends, especially 
if the September 1 sample is omitted in view of the fact that it was 
rather tliy. The crude ash, fiber, and nitrogen-free extract on a per- 
t‘entage basis seemed to increase as the season progressed, while the 
protein, decreasing rather markedly at first, remained nearly sta¬ 
tionary after June 30. The calciimx and phosphorus showed no 
particular changes throughout the season when compared on the 
fresh basis. 

Crested wheatgrass cut May 3 and analyzed on a water-free basis 
contained 20.59 percent of protein and 21.13 percent of crude fiber. 
That cut Septemoer 1 contained only 3.22 percent of protein and 33.34 
percent of crude fiber. The contrast between the early stages of this 
grass and the more mature stages is quite marked in respect to im¬ 
portant nutrients, as shown in table 1. 

274517—40-5 




Table I—Relationship of height and seasonable development to chemical composition of crested wheatgrass 
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Little change in the percentages of calcium in the clippings was 
observed. Values of 0.27 and 0.32 percent were observed in May, 
after which period a value of 0.20 percent seemed to persist. Phos¬ 
phorus declined gradually from values of 0.26 percent m May to 0.10 
m September. 

DIGESTION EXPERIMENTS 

In the studies to be described the forage samples were fed during 
10-day digestion experiments, in each case preceded by a preliminary 
feeding period of equal length. A description of the equipment and 
methods employed have been given fully elsewhere (11). Six range 
ewe lambs, varying in weight from 40 to 50 kilograms, so that they 
could be grouped into light, medium, and heavy pairs, were selected 
for the study. The lambs were out of Lincoln X Merino ewes and 
sired by Hampshire rams. The condition and maturity of the 
clippings are placed in the following five groups: 

1. Fresh 4-inch clippings. 

2. Dried 4-inch clippings. 

3. Fresh 10-inch clippings. 

4. Dried 10-inch clippings. 

n. Dried clippings at anther-falling stage (hay). 

The samples of feed were thoroughly mixed. The forages were fed 
at the same level of dry-matter intake, although some variation in 
the case of sole roughage feeding would not be a seriously disturbing 
factor (i). 

The composition of the forages fed to the lambs is shown in table 2. 
Since a 2-inch aftermath was left in making these clippings, the 
immature plants were actually 6 and 12 inches liigh. The plants at 
the anther-falling stage were 36 im^hes tall before (*utting. These 
samples should not be confused with those taken every 15 days for 
cliernical studies only, since the latter series of samples was cut at the 
ground line for the purpose of studying the composition of the entire- 
plant. Early in the spring before growth started, old grass was clipped 
from those areas whi<*h produced the ^rass for the digestion experi¬ 
ments. An air-circulation drier operating at a temperature of 60® C. 
was used to dry the clippings. 

Table 2 . —Chemical composition of fresh and dry samples of crested wheatgrass 
at different stages of development 


Doscription of sample 

Dry ! 
matter ' 

, 1 

Crude 

protein 

(NXC.25) 

Crude 

fiber 

N-free 

extract 

Ether 

extract 
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1 
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Dric'd 4-iuch clippings .., 

, . j 88.87 
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43.82 
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Fresh 10*inch clippings 
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.80 

2.89 

OritHl KVlnch clippings , 
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6.65 

Dried clippings at ant her-falling stage. .. 

89.81 ) 

1 

4 80 

33 98 

43.88 

2,49 ^ 

5.66 


The detailed data for the 30 individual digestion experiments 
which comprise this study have been omitted and averages only 
presented, 

A summary of the (*oefFicients of apparent digestibility is contained 
in table 3. The average coefficients for each trial have been com¬ 
puted on the basis of six lambs, and these have been used in determin¬ 
ing the digestible nutrients of the forage samples under investigation. 
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The nutrients in the fresh 4-inch samples were all well digested to 
an extent similar to concentrates. When a portion of these same 
clippings was dried artificially at 60° C. and fed to the same six lambs, 
a lower digestibility of the nutrients was observed. In the case of 
dry matter the coefficients declined from 66.67 to 61.00. For protein 
the decline in digestibility was marked, being reduced from 74.33 to 
65.00. The coefficients of digestibility of fiber decreased only slightly 
from 63.50 to 60.00, and those of ether extract from 65.67 to 59.00. 
The digestibility of nitrogen-free extract was reduced from 74.50 in 
the fresh young grass to 71.67 in the dried grass. 


Table 3. —Coefficients of apparent digestibility of crested wheatgrass when cut at 
different stages of development and fed to ewe lambs 
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The decrease in digestibility as a result of drying is not so marked 
in the more mature grass taken at a lO-inch height as at the 4-inoh 
height. With the exception of the protein coefficient, the other con¬ 
stituents showed no significant differences in digestibility of the fresh 
and dry clippings. 


































aur. 15,1940 Chemical Composition of Nutrients in Crested Wheatgrass 309 


The nutrients of the 4-inch clippings were found to be bettor digested 
than those in plants 10 inches high. 

The digestion coefficients of the nutrients in the sample harvested 
at the anther-falling stage arc strikingly lower than those of the nutri¬ 
ents in the younger grass with the exception of nitrogen-free extract. 
A value of 36.33 for the protein in the older grass as compared with 
74.33 for the protein in the young fresh grass is an example. 

In the study of immature stages, height measurements were used as 
a measures of maturity. Such a procedure is open to criticism in that 
luiight alone is not a safe ind(« of plant maturity in grasses. During 
periods of drought a grass 4 inches tall may be more mature from a 
vegetative standpoint than one twice that height during more favorable 
seasons. The dry-matter content of the immature grasses may also 
b(‘ used as an index of maturity. 

The digestible nutrients based on average coefficients in table 3 are 
summarized in table 4. 

Table 4.-- DigestibU nutrients in the fresh and dry forage clippings of crested 
wheatgrass harvested at different stages of developtneni 
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'rii(‘ 4-incli clippings with a moisture content of 67.60 percent con- 
taiiK'd 3.29 percent of digestible protein and 21.62 percent of total 
digestible nutrieuits. Bv elrying the grass to a moisture content of 
11.13 perceait, the dig(\stible protein was increased to 8.90 percent and 
th(' total digt'stibh' nutrients to o6.34 percent. This percentage of 
digestible proteiTi is eepial to that of irrigated alfalfa hay, and the 
total digestible nutrients are 16 percent higher than those found by the 
author (/2) in good alfalfa hay. 

The 10-inch clippings \vith a moisture content of 63,42 percent con- 
taiiK^d 1.80 percent of digestible protein and 24.36 percent of total 
digestible nutrients. When the moisture was reduced to 6.55 percent, 
the dried clippings contained 3.82 percent of protein and 60.04 per¬ 
cent of total digestible nutrients. Although low in digestible protein, 
the total digestible nutrient value of this dr>^ forage is identical with 
that found in light-weight oats. 

The anther-falling stage of created whcatgi’ass, considered by many 
to be the ideal hay stage, produced forage having a moisture content 
of 10.19 percent, 1.74 percent of digestible protein, and 43.08 percent 
of total digestible nutrients. Thus the digestible nutrienta were found 
to b(' equal to the digestible nutrients in the milk stage of Albit wheat 
hay (/5). The grass hay was lower in protein than Albit wheat hay. 
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If the composition of the fresh clippings at the 4- and 10-inch heights 
and at the anther-falling stage is computed on a water-free basis, and 
the digestible nutrients compared, the actual changes which have taken 
place in the dry matter as the plate matured m«y be observed. Table 
5 contains the data. 

Table 5. —Digestible nutrients in the dry matter of crested wheatgrass harvested at 
different stages of development 


Description of sample 

; ("rinie 
i pnitein 

1 (NX6.2r.) 

rnide 

iiber 

N-free 

extract 

Kther 

extract 

Total 

digest- 

ihle 

nutrients 

Nutri¬ 

tive 

ratio 

1 to — 

Fresh 4-inch clippings___ 

Fresh lU-iiich clippings. 

Dry 36-inch clippings at anther-falling stage... 

j PfTcent 1 

.1 10 15 j 

i 4 93 1 

1 i 

Percent 
16 05 1 
19.05 
19 'Zi 

Percent 
36 36 j 
40 (W 1 
2<1.06 j 

Percent 
1. S5 , 
1.16 1 

; }*erceut ! 

, m 73 ! 

1 66 6S ; 

, 4.S 00 

5 57 
12 53 
23 75 


When the plants were 4 inches high, the dry matter of crested wheat- 
grass was comparable in digestible nutrients to that of alfalfa leaves 
(1^). At the 10-inch stage the percent of digestible nutrients was as 
high as at the 4-mch stage, but the relationship of the nutrients was 
different. For instance, the digestible protein decreased from 10.15 
to 4.93 percent, and the nitrogen-free extract increased from 30.30 to 
40.09 percent. Although the dry matter at the more matures stage 
was as digestible, it contained more carbohydrates. At the antlu'r- 
falHng stage this forage contained as high at p(‘rcentage of digestible 
nutrients as Markton oat hay cut at the dough stage (13) but only 
37 percent as much digestible protein. 

SUMMARY 

The dry matter of crested wheatgrass contained 20.59 percent of 
crude protein in early May, but by September the percentage liad 
decreased to 3.22, Crude fiber and nitrogen-free extract tended to 
increase as the season advanced. The percentage of phosphorus de¬ 
creased gradually from May to Septemb(^r, while calcium dechned 
rapidly in May but remain^ constant at about 0.20 percent the re¬ 
mainder of the season. In the immature stages crested wheatgrass is 
an excellent forage but loses much of its nutritive value as it matures. 

The protein of the fresh 4-inch clippings was 74.33 percent digestible, 
whereas in fresh 10-inch clippings its digestibility was only 59.67 
percent. 

The digestibility of all the nutrients except nitrogen-free extract 
was decreased by the drying process in the 4-inch clippings, but was 
little influenced by the drying process in the 10-inch clippings. 

LITERATURE CITED 

(1) Armsbt, H. P. 

1917. THE NUTRITION OF FARM ANIMALS. 743 pp., iUus. New York. 

(2) Association of Official Agricultural Chemists. 

1930. OFFICIAL AND TENTATIVE METHODS OP ANALYSIS. Compiled by the 

committee on editing methods of analysis. Ed. 3, 693 pp., illus, 
Washington, D. C, 

(3) Dillman, Arthur C. 

1931. THE WATER REQUIREMENTS OF CERTAIN CROP PLANTS AND WEEDS 

IN THE NORTHERN GREAT PLAINS. Jour. Agr. Ilcs. 42: 187-^238, 
illus. 







Aiig. 16 . 1940 Chemical Compoeition of Nutrients in Crested Wheatgrass 311 


(4) Hopper, T. H., and Nesbitt, L. L. 

1930. THE CHEMICAL COMPOSITION OP SOME NORTH DAKOTA PASTURE 
AND HAY GRASSES. N. Dak. Agr. Expt. Sta. Bui. 236, 39 pp., 
illus. 

(5) Jackman, E. R., Stephens, D. E., and Richards, D. E. 

1930. CRESTED wheatgrass IN EASTERN OREGON. Greg. Agr. Col. Ext. 
Bui. 494, 40 pp., illus. 

lO) Kirk. L. E.y Stevenson, T. M., and Clarke, S. E. 

1934. crested wheatgrass. Canada Dept. Agr. Pamphlet 157 (n. s.), 

22 pp., illus. 

(7^ Love, L. Dudley, and Hansen, Herbert C. 

1932. LIFE HISTORY AND HABITS OF CRESTED WHEATGRASS. Jour. AgT. 
Res. 45: 371-383, illus. 

(.8> Morris, M. S. 

1935. crested wheat grass for dryland pastures. Colo. Expt. Sta. 

Press Bui. 84 [7] pp., illus. 

(Oi Newlander, J. a., and Jones, C. H. 

1932. THE digestibility of artificially dried grass. Vt. Agr. Expt. 

Sta. Bui. 348, 20 pp. 

ill)' Reitz, I.. P., Bell, M. A., and Tower, H. E. 

1936. crested wheatgrass in Montana, comparisons with slender 

WHEATGRASS AND BROME GRASS. Mont. Agr. Expt. Sta. Bul. 323, 
53 pp., illus. 

Ill SoTOLA, Jerry. 

1927. RELATION OF MATURITY TO THE NUTRITIVE VALUE OF FIRST, SECOND, 

AND THIRD CUTTINGS OF IRRIGATED ALFALFA HAT. JOUT. AgT. 

Res. 35: 361-383, iUus. 
fl2> 

1933. THE NUTRITIVE VALUE OF ALFALFA LEAVES AND STEMS. Jour. AgT. 

Res. 47: 919-945. 

(13- -- 

1937. THE rHE.MICAL COMPOSITION AND NUTRITIVE VALUE OF CERTAIN CE¬ 

REAL HAY.S AS AFFECTED BY PLANT MATURITY. Jour. Agr. ReS. 
54: 399 415 

(1 P Wat«40n, S. J., and Ferguson, W. S. 

1932. 1NVE.STIGATIONS INTO THE INTENSIVE SYSTEMS OF GRASSLAND 
MANAGEMENT. VIII. THE COMPARATIVE DIGESTIBILITY AND 
FEEDING VALUE OF FRESH AND ARTIFICIALLY DRIED GRASS. JOUF, 

Agr. Sci. (England] 22: (235J-246. 

(!.")) \V ESTOVER, H. L. 

1934. CRESTED WHEATGRASS. U. S. Dept. AgT. Leaflet 104, 8 pp., illus. 

( Ki, - -Sarvis, j. T., Moomaw, Leroy, Morgan, George W., and Thysell, 

John C. 

1932. CHESTED WHEATGRASS AS COMPARED WITH BROMEORAS8, SLENDER 
WHEATGRASS, AND OTHER HAY AND PASTURE PLANTS FOR THE 
NORTHERN GREAT PLAINS. U. S. Dept. Agr. Tcch. Bul. 307, 
36 pp., illus. 

(17) Woodman, H. E., Bee, J, W., and Griffith, G. 

1930. nutritrive value of pasture. V. pasture grass conserva¬ 
tion: THE INFLUENCE OP ARTIFICIAL DRYING ON THE DIGESTI¬ 
BILITY OF PASTURE HERBAGE. Jour. AgT. Sci. [England] 20: 
53^-62. 

(Ig) - ^ __ Blunt, Denzil Layton, and Stewart, James. 

1926. nutritive value of pasture, i. seasonal variation in the 
productivity, botanical and chemical composition and 

NUTRITIVE value OF MEDIUM PASTURAGE ON A LIGHT SANDY SOIL. 

Jour. Agr. Sci. [England] 16: [205]-274, illus. 

(19 - Norman, D. B., and Bee, J. W. 

1928. NUTRITIVE VALUE OF PASTURE, III. THE INFLUENCE OF INTENSITY 

OF GRAZING ON THE COMPOSITION AND NUTRITIVE VALUE OF 
PASTURE HERBAGE (PART I). Jour. Agr. Sci. [England] 18: 
[266J-296 





FACTORS INFLUENCING THE CARBON METABOLISM 
OF THE CROWN GALL ORGANISM ‘ 

By F. McIntirk, research assistani in plant pathology and biochemistry; W. H. 

Petbkson, professor of biochemistry; and A. J. Rikbk, professor of plant paihoU 

ogy^ Wisconsin Agricultural Experiment Station 

INTRODUCTION 

Tho lar^c ninourit of unknown metabolic products and the varia- 
[)ility of tlndr appearance seem important for understanding the 
activity of the crown gall bacteria, Phytomonas tumefaciens (Smith 
and 7V)wn.) Bergey ct al. For example, Conner et aP found that 
on a carbon basis about 2 percent of the fermented sugar went to 
carbon dioxide, 11 to 18 percent became gum and bacterial cells, 
whil(' 80 to 87 percent became unidentified products. The amount 
of this unknown material has been found to vary enormously depend¬ 
ing on the constituents of the medium and the conditions of fermen¬ 
tation. 

If tli(‘ nature of these unknown products were to be studied it 
obviously would be necessary first to detennine ( 1 ) the important 
factors rcvsponsiblc for the variation in their occurrence, ( 2 ) the 
optimum conditions for tli<*ir production, and thus (3) the experi- 
m(uital means for producing similar results in successive trials. Such 
studies are rc'ported in the folloN^ing pages. 

EXPERIMENTAL WORK 

CULTURE AND MEDIUM 

Th(‘ cultur(», Phytomo7ia.s turnf faciehs A-G, was the progeny of a 
single cell. Stock cultun^s were carried on yeast-water-mannitol- 
min(*ral-salts agar hedd at pH 7 with jihosphate buffer. Patlioge- 
nicity of (lie cultun* was checked at inttu'vals during the investigation 
by inoculation of tomato plants, and its purity after fermentation 
was clucked by jdating. 

A synthetic imalium devt'loped by J. M. Lanen. 1. L. Baldwin, 
and A. d. Kik(‘r was used. This medium had the following composi¬ 
tion: Sucrose, 20 gm.; glutamic acid, 2.5 gm.; ammonium sulfate, 7 
gm.; salt mixture (2 gm. MgS 04 . 71 f 2 (), 2 gm, K 2 HPO 4 , 2 gm. NaCl, 
1 gm. Catiij). 0.58 gm.; 20 -percent phosphate buffer pH 7, 50 cc.; 
distill(‘d w'at(‘r to make 1 liter. In making up the medium the am¬ 
monium sulfate, glutamic acid, and salt mixture were dissolved and 
th(‘ solution neutralized with sodium hydroxide. Tliis solution, tlie 

» Ro<-<*lM'rl for fuibht'atlon l>oceinlH»r 4. This work has received sup|K»r1 through pmnts from the 
Intcrnanoitiil ('luu'cr UescHrch Foundation and from thespiHMal research fund of tho University of W^isc<m- 
sin. \id urtv reivived from tlie UniverNitj of Wisconsin Work Projects Administration Natural Science 
Research projeef 

* (*()NNKK, II. A., Rikkr, a. j , and Pbter.son, W’. H. the carbon metabolism of the crown-oall 
AM> iTAiRY-KOoT <)RC,\M«MS. Jouf. Raet. 31. 221-210, lUus. 1937. 

» Hiker, A. J . Hanfieip, \\\ M., W'right, W. II, Keitt, O. W'.. and Saokn, H. K. stidiks on in- 
FECTKlUS n \r«Y-kOOT OF NURSERY Am.E TREKS. Jouf. ART. RcS. 41: 507-f>40. illus. 1930. 
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phosphate buffer and the sugar in solution were sterilized separately, 
and then combined. 

A satisfactory parent culture was a shallow liquid culture between 
18 and 36 hours old, not mechanically aerated. Uniformity in trans¬ 
fer was assured by using equal quantities of this liquid. 

All fermentations were run at 26 (±0.5)° C. 

Results here reported were chosen as representative from at l(.‘ast 
three separate experiments. 

AERATION METHODS 

Throe mctliods of mechanical aeration were employed. (1) A 
stream of sterile air was passed through Jena gas-distribution tubes 
(No. 33cG.4) at the bottom of 3-liter cultures in 4-liter pyrex serum 
jars. The gas-distribution tubes broke the stream of air into very 
small bubbles which arose through the culture medium witli a stirring 
as well as an aerating effect. The air was sterilized by passage througli 
a sterile cotton filter. Flowmeters were used to measure tlie flow of 
air through each culture. Air was passed through replicate cultures 
at the same rate, approximately 0.016 cubic feet per minute. (2) 
Method No. 1 was carried out under pressures greater than atmos¬ 
pheric pressure. This was accomplished by passing the air leaving 
each culture through a column of mercury 450 mm. liigli. (3) Shallow 
liquid cultures were agitated in a mechanical shaker, and cotton plugs 
were replaced by two layers of .six-ply oil-treated air-filter tissue to 
provide more unifonn aeration. 

ANALYTICAL METHODS 

The amount of sugar before and aft^r fennentation was detennined, 
after inversion, by the method of Stiles, Peterson, and Fred.^ 

Total carbon in each culture was determined by the wet-combus¬ 
tion method of Heck.*^ Since carbon dioxide was the only appreciable 
volatile metabolic product, as shown by Uonner et al.® and confirmed 
bjr the writers, the amount of carbon dioxide produced was deter¬ 
mined by difference between the total carbon in the culture at the 
beginning and at the end of the fermentation. 

The gum and cells in an aliquot of culture were precipitated by the 
addition of four volumes of 95-percent alcohol. After several fiours 
the insoluble matf^rial was concentrated in a centrifuge, washed three 
times with 80-percent alcohol, and dried in a vacuum desiccator. 
The dry gum and cells were washed quantitatively from the cen¬ 
trifuge tube and analyzed for carbon by the wet-combustion method. 

The amount of fermented sugar accounted for by the known and 
unknown metabolites is expressed on a carbon basis. In an aerobic 
fermentation oxygen from the atmosphere is used and is considered 
as part of the substrate. The quantity of oxygen utilized is of cour.se 
unknown, but by expressing sugar consumed and products formed on a 
carbon basis, the effect of the oxygen can be eliminated and an 
accurate balance can be obtained. 

< Stiles, H. R., Petersok, W. H., and Fred, E, B. a rapid method for the determination of 
SUGAR IN BACTERIAL CULTURES. JoUf. Bact. 12* 427-439. 1926. 

» Heck, A. Floyd, a method for the determination of total carbon and also for the estima¬ 
tion OF carbon dioxide evolved I bom soils. Soil Science 28: 225-234, Ulus. 1929. 

B Conner, Hiker, and Peterson. See footnote 2. 
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FACTORS INFLUENCING THE RATE OF SUGAR FERMENTATION 

The effects of aeration, amount of sugar present, size of inoculum, 
and addition of plant extracts on sugar fermentation are considered 
in order. 

Comparisons were made between cultures treated (1) with no aera¬ 
tion, (2) with a stream of air, and (3) with a stream of air under 
pressure. The results are given in table 1. Likewise comparisons 
were made between shallow cultures shaken and unshaken, and 
between shaken cultures having different depths. These results are 
shown in table 2. In both cases wdth greater aeration more sugar 
was fenneiited. 


Table -Effect of aeration on the fermentation of sugar ^ 


Aeration 


I Depth of 
liquid 


1 ! 

Sugar fermented per 

1 i 

j Replicates ! 

i 

lOU cc. 

1 Range ' Average 


None.-.. . 

Stream of air. 

Stream of air under pressure ». 


I I 

Inehen ‘ Number * Gramg Grams 

1 3 0 21H) 25 0.22 

0 4 .44- .67 .58 

6 3 1.00-1 16 , 1 07 


» Alloullures were allowed t<i ferment 4 days. 

* 450 inrn. of men’ury added [pressure. 

Table 2. —Effect of shaking and depth of liquid layer on fermentation of sugar ^ 


Aeration 


None.-. 

Mechanical shaking. 
l>o. 


» 7'he.se cultures were in 500-cc. Erlennieyer flasks. 


{ Sugar fermented per 100 cc. in— 





No. 1 

No. 2 

Average 

Inches 

Grams 

Grams < 

Grams 

h 

! 0 26 j 

0 22 ! 

0.24 

h 

1 1 08 ! 

1.04 1 

1.06 

H 

1 42 

1.38 j 

1 40 


In certain cases the amount of sugar fermented was affected by the 
concentration of sugar in the medium. In cultures aerated with a 
stream of air more sugar was fermented in a medium with 2 percent 
of 3\igar than in a medium with 1 percent of sugar as shown hy table 
3. When cultures were aerated by shaking, tliis effect was not ob¬ 
tained. In cultures containing 1, 2, and 3 percent of sugar, the 
average amounts fermented in 4 days were 0.74, 0.71, and 0.72 gm. 
per IW cc., respectively (not shown in tables). 
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Table 3. —Effect of sugar concentration on fermentation of sugar * 


Original sugar concentration 


1 [icrcont -- - 

2 perci'iit 

1 These cultures receued a 2-i»orwnt inoculum all from the same source ami were aoraU'd under an added 
pressure of 4rj0 mm. of mercury. 

To a certain extent the amount of sup:ar fermentt'd was increased 
by an increase in size of inoculum. A ^-percent inoculum usually 
gave the maximum sugar fermentation, but this t'ffect was not always 
dependable. With cultur(‘S aerated by shaking, a l-perc(Uit inoculum 
proved inferior to a 5-percent inoculum in about 75 percent of the 
cases (not shown in tables). ITst* of the* larger inoculum incnaised the 
amount of sugar fenmuited by an averagt^ of tibout 20 perctuit. 

Although the fennentation was fairly rapid in the aerattal syntludic 
medium, it could be increased b}" the addition of certain ])lant extracts 
(table 4). Tomato, carrot, and yeast extracts were tried, but doubtless 
other extracts would also stimulated tlu' growth. This suggt^sts that 
the organism cannot synthesize its o\v7i growth factors rapidly enough 
for optimum growth under the conditions (hvscrilx^d. 


Replicates 

Pays 

fermented 

Sugar fermented r>er 
100 cc. 

Range 

.\veraeo 

Xumffer 

Number 

Oramx 

Oramx 




0 5S-0 05 

0.02 

4 


7 

.74- .81 

.77 

1 


10 

.07- .00 

.98 



4 

.73-1 08 

.86 

' 4 

■ 


.07-1 34 

1 16 

1 


10 

I.4t>-1 t50 

1.48 


1 'ablk -Effect of plant extracts on Jt i mentation of snaa/ ’ 


TiNsiK* extracted 


Pry tiNMH' 
rcprcMTifcd 
b> extract 
|vr HK) ee 
of medium 


Su'/ar ferineiiled |>er lu'lee m - 


Keplurtte 

No. 1 No 2 


V\eraue 


Carrot • . _ 

Tomato fruit 2 . _ _ 
Yeast , 

None . _ 



dram* * (Sminx 
U TM 1 2.05 

.IS 2 10 

40 I 1. 9»> 

. - S 1 01 


(irnmx i Ciramx 


2.22 

2. J4 

2 30 

2.2H 

1 02 

l.(M 

1 05 

1 03 


1 TbcM* cultures had a iKpud dcf)th of Vi inch, were aerated by shaking in 500-cc. Krlenineyer flasks, and 
received a 5-fM'rcent inoculum 

»In cultures containing tomato and carrot extracts there was more than 2 iwrcent of sugar .since some 
sugar w-as present in the extra<'t.s. 


UNIFORMITY AMONG REPLICATE CULTURES 

Table 1 shows that replicate cultures aerated by a stream of air 
varied considerably in the amount of sugar fermented. Better agree¬ 
ment could be obtained (1) by letting the cultures ferment 10 days 
instead of 4, (2) by increasing the size of inoculum to 5 percent or 
more, and (3) by aeration under added pressure. However, the 
variability was reduced to an acceptable degree only when the cul¬ 
tures were aerated by shaking. Tiiis is shown by a comparison of 
the variation among replicates in tables 1 and 2. 
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The difference in uniformity of fermentation obtained with the two 
types of aeration might be explained on a basis of uniformity of aera¬ 
tion conditions. Cultures in flasks of uniform size and shape, agitated 
simultaneously in the same shaker, and cov(»red with the same thick¬ 
ness of air-filter fabric were probably aerated more uniformly than 
cultures aerated by a stream of air passed through a gas-distnbution 
tube. Air was passed through replicate cultures at approximately 
the same rate, but the dispersion of air by different gas-distribution 
tubes was not uniform. 

DISTRIBUTION OF METABOLIC PRODUCTS 

C'ultiires a(Tated by a stream of air showed variability in distribu¬ 
tion of metabolic products as well as in the amount of sugar fennentcd. 
The amount of carbon in gum and cells w^as fairly uniforni among 
replicat(‘s, hut the amount of carbon in carbon dioxide and unidentified 
products was ext rcmely variable. Carbon of carbon dioxide accounted 
for 00 percent of the fennentcd sugar in one culture and only 40 
percent in a replicat(‘. Since tin* percentage of ftmiented sugar 
accounted for as gum ajul ccdls remained fairly constant, a variation 
in the* amount of carbon dioxide produced would mean an inverse 
variation in the amount of unidentified products. This irregularity, 
too, was partly eliminated by aerating under pressure, increasing the 
size of inoculum, and extending the fennentation period. But again 
satisfiictory imifonnity among replicate cultures was obtained only 
when the cultures were acTated by shaking, as sliowm by table 5. 

'r\BLE f ).—Effect of aeration hy shaking^ pressure aeration^ sugar concentration in 

the mediumf and length of fermentation on disif ihuiiou of metabolic products 


( arlxm in fertnented Mipar - 


t'undiiions 


Hi'Iilicuto Xn 


Suirar 

U‘riiu‘ni«Ml 

|M*r 

' ICK) cr. 


Acoiniiilotl for as— 


i Carbon C<*Hsand j 
j iltoxide j gum 


Total 


' Xot RO- 
' coiinf*‘J 

t for 

1 


i 


Gramn 

Percent > 

Percent 

) 

Percent ’• 

Percent 

! 

i 

0 52 

40 

33 0 

79 0 * 

21.0 


2 _ 

54 

44 .3 ' 

20 4 

70 7 

29.3 

Liquid 1 inch drpji ui mtuui 

3 - . 

.52 

40 0 

28 0 

74 6 

25,4 

jur apralpil by abuking 4 days 

4. 

.69 

41 1 1 

22 3 

63.4 

36.6 


Average 

0. 54 

44 .5 ; 

27 4 

; 

28.1 


fl . 

0.90 

01.8 ! 

16 5 

7V3 

21.7 


1 . . _ 

.92 

65 7 i 

15 0 

80.7 

19.3 

Liquid 1 inch deep in 9-liter serum 

3 . .. 

.93 

06 2 1 

14.2 

80.4 

1ft. 6 

Jar aerutud by sliaking 10 days. 

4 . 

M 

65 2 > 

14 7 

79.9 

20.1 


A verage -. 


iV4 7 ; 

15.1 

7ft 8 

20.2 


fl 

0..58 

25.2 ! 

31 0 

1 66.2 

43.8 

! 

2 . ... 

. 0.5 

4.3,0 1 

25.5 

68.5 

31.5 

1 percent of sugar 4 day>' 

3 . . 

4 . 

.01 1 
.65 1 

1 57.2 1 

i 71.2 1 

2«). I 
30,7 

86.3 
101. ft 

13.7 

-1.9 


Average 

0.62 

49.2 } 

29. 1 

78 8 

21.7 


fl. 

0.99 

86.0 1 

15,7 

101,7 

-L7 

j 

2. 

.98 

80.3 

20.2 

100.5 

-.5 

1 percent of sugar aeratiKi 10 days e J 

.1. 

4 . * 

.99 

97 

81.5 1 
78.0 : 

22 2 
17. 1 

103.7 
»5.1 

-8.7 

4.9 

i 

1 

Average. 

; 0.98 

‘ 81.5 ; 

lvS.« 

100.3 

i -0.3 


Sep foot not OK at end of table. 
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Table 5. —Effect of aeration by shaking, pressure aeration, sugar concentration in 
the medium, and length of fermentation on distribution of metabolic products —Con. 


CoDdition.s 

Replicate No. 

Sugar 

fermented 

l)er 

100 cc. 

« 

Carbon in fermented sugar— 

Accounted for as— 

Nota<v 

counted 

for 

Carbon 

dioxide 

Cells and 
gum 

1 

Total 

j 

2 percent of su^ar aerated 4 days i . 

2 percent of hugar aerated 10 days» 

fl.. 

2 

.3. 

4. 

Average. 

fl . 

2. 

3 ... 

Grams 

1.08 

.84 

.80 

.73 

Percent 
54.7 
85.0 
60.5 
47.2 j 

Percent 
18.6 
21.8 
20.4 
19 7 

Percent 

73.3 

106.8 

80.9 

66.9 

1 

Percent 

26.7 

-6.8 

19.1 

33.1 

0 86 

61.9 

20 1 

82.0 

18.0 

^ 1 fiO 

1 60 

1.43 

1 40 

75.3 

77.3 
72.0 
62.6 

i 12.4 

1 12 3 

13.4 
j 13.6 

1 87.7 1 

1 89.6 

i 85.4 

76.0 

12.3 

10.4 
14,6 
24.0 

Averaire .. j 
1 

1 48 

_1 

71. 8 . 12 0 , 

84 7! 15.3 


i Cultures were aerated with a stream of air under 4{50 mm. of mercury added pressure. The inoculum 
wavS 1.7 percent. There were three liters of culture io 4-liter serum Jars. 


RATIO OP PRODUCTS 

On a carbon basis, carbon dioxide usually accounted for 45 to 80 
percent of the fermented sugar, while gum and colls accounted for 
about 15 to 30 percent. The percentage of fermentc'd sugar unac¬ 
counted for averaged from almost none to 28 pc'rcent. In a few cases 
where cultures were aerated with a stn'am of air the yield of carbon 
dioxide was low' and unaccounted-for sugar was as mucli as 50 percent. 
Such fermentations were not reproduced easily. In some instances a 
little more than 100 percent of the fermented sugar w'as account(“d for 
by carbon dioxide, gum, and cells. This excess probably came from 
glutamic acid, since the calculations did not consider its utilization. 
Of course, all figures may be too low"^ for this same reason 

The percentage of ferment(Kl sugar accounted for by carbon in gum 
and cells was found to decrease wdth age of culture, wdiile the percent¬ 
age of fermented sugar accounted for by carbon dioxide increased w ith 
age of culture. The amount of unfermented sugar in the medium 
seemed to affect the amount of carbon dioxide produced. As a rule 
the percentage of fermented sugar accounted for as earbon dioxide was 
lower where the unfermented sugar was more, abundant. 

From the available data on the distribution of metabolic products it 
appeared that a great part of the unidentifuul products might be 
transformed readily to carbon dioxide. The pn'sence of a considerable 
amount of unfermented sugar seemed to hav«^ a sparing action on the 
unidentified material and it accumulated to a certain extent. Wlien 
the amount of unfermented sugar was low, very little unidentified 
material was found. These points are illustrated by table 5. 
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SUMMARY 

(^oiulitions were established whereby crown gall bacteria could be 
grown rapidly in a synthetic medium with only small variation in the 
products from carbon metabolism. 

The rate of growth and sugar fermentation of the organism was con¬ 
siderably increased by aeration of the medium. The fermentation 
was further stimulated by the addition of plant extracts. The size of 
inoculum, the amount of aeration and, where cultures were aerated 
with a stream of air, the amount of sugar in the medium influenced the 
amount of sugar fermented. 

The uniformity among replicate cultures with respect to sugar fer¬ 
mented and to distribution of metabolic products was influenced by the 
size of inoculum, length of fermentation period, and type of aeration. 
Aeration seemed to be the most important factor. Consistently repro¬ 
ducible fermentations were obtained when the cultures received a 
5-percent inoculum of 24-hour liquid culture and were aerated by 
shaking. 

The ratio of metabolic products was related to the concentration of 
unfermented sugar in the medium. When the concentration of un- 
f(‘rmented sugar was high, the ratio of carbon dioxide to unidentified 
products was low and when the concentration of unfermented sugar 
was low, the ratio of carbon dioxide to unidentified products was high. 
This ratio increas(‘d with age of culture. 
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EFFECTS OF SOME INGESTED 
MIDGUT WALL OF THE SOUTHERN ARMYWORM LSRVA* 

By P. A. Woke 

Assistant entomologist^ Division of Control Investigations^ Bureau of Entomology 
and Plant Quarantine^ United States Department of Agriculture 

INTRODUCTION 

Although the specific action of insecticides on insects has received 
little attention in the past, the idea is gaining favor that in this field 
there are many problems that warrant special consideration. Further 
knowledge might prove useful in the selection, improvement, and 
application of methods for insect control. A review of the physical 
and chemical effects of poisons on insect tissues, cells, and secretions 
is given by Trappraann The histopathological effects on the 

midgut wall of the southern armyworm larva (Prodenia eridania 
(Cram.)) of certain poisons commonly used as insecticides have been 
studied by the writer in connection with an investigation of the nor¬ 
mal anatomy of the alimentary canal, and are described in this paper. 

MATERIALS AND METHODS 

The poisons used were a high-grade acid lead arsenate, a fine 
fraction of paris green separated from a commercial lot, an average 
commercial grade of calcium arsenate, calcium arsenite,® arsenic 
trioxide, a finely divided commercial barium fluosilicate (20 percent 
silica), reagent-quality sodium fluoride, synthetic sodium fluoalumi- 
nate containing some uncombined aluminum oxide, chemically pure 
rotenone, and a high-grade commercial phenothiazine. 

The larvae were reared on living turnip plants in a greenhouse 
insectary or on fresh turnip foliage in an incubator at 27® C. Ac- 
ti\ ely feeding early sixth instars were removed from the plants and 
conserved for several hours on fresh, clean leaves in a clean glass cage, 
in order that any hard objects that might be present in the lumen of 
the gut would be eliminated. They were then held without food for 
several hours to induce hunger. 

Lethal or unusually large doses of the poisons were fed to the larvae 
in turnip-leaf or sweetpotato-leaf sandwiches. The larvae were then 
held at 22®‘-27® C., and after different intervals were killed by im¬ 
mersion in hot water (60®~70®). The gut-wall tissue was prepared by 
the paraffin method for a microscopic study of the tissues and cells. 
Fixation was with Bouin’s picro-iorraol-acetic. Sections 5 to 10 
microns thick were cut in both the transverse and the longitudinal 
planes, stained with Ehrlich’s haematoxylin, and counterstained with 
eosin or erythrosin. Similar preparations of larvae that had not 
ingested poisons were used for comparison. 
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THE ALIMENTARY CANAL OF UNPOISONED LARVAE 

The alimentary canal of the sixth-instar larva of the southern 
armyworm is similar to that of other noctuid larvae. The alimentary 
canal (pi. 1, .4) is a straight tube extending from the mouth to the 
anus and has the usual throe primary divisions. The foregut and the 
hindgut are each about one-third the length of the midgut. They 
are thin-walled and are lined with a sclerotic intima. 

The midgut is a large, undifferentiated tube extending approxi¬ 
mately throughout the first six abdominal segments. The canal is 
normally distended by ingested food materials and in this condition 
occupies most of the abdominal cavity. The midgut wail (pi. 1, B) 
is made up of an enveloping membrane known as the peritoneum, two 
layers of muscle fibers, those of the outer layer being longitudinal 
and those of the inner layer circular, a basement membrane, an epi¬ 
thelial layer, and a thin sheet of detached material closely surrounding 
the food mass and known as the pcritrophic membrajie. 

The midgut epithelium (PI. 2, A) consists of a single layer of different 
forms of epithelial cells, of which there are three principal types— 
columnar, calyciform, and interstitial. The columnar c(‘lls are 
variable in shape and appearance, depending in part on their location 
and physiological state. They are tall, and often cylindrical, but are 
usually enlarged distally with slender basal ends. The cell contains 
an elongate, coarsely granular nucleus. A striated border is present 
on the free surface of the cell. The slender basal ends of these cells 
rest on the basement membrane, and the surfaces of the enlarged 
distal ends are exposed to the gut lumen. Tlie calyciform cells are 
shaped somewhat like a calyx and fill the spaces between the slender 
basal parts of the columnar cells, communicating with the free surface 
by a narrow neck. The cell is often expanded in its middle part. The 
nucleus lies at the basal end of the cell. Interstitial cells rest on the 
basement membrane between the bases of the other cells. They are 
round or elongate in section and contain a large nucleus surrounded by 
a small amount of strongly basophilic cytoplasm. 

The epithelial cells probably function in the secretion of the juices 
required for digestion, and in the absorption of selected products of 
the digestion and their transference to the hernolymph. Absorption 
probably takes place largely, if not entirely, in the midgut. 

HISTOPATHOLOGICAL PICTURE OF THE MIDGUT OF POISONED 

LARVAE 

The usual observable effect of the poisons on the gut-wall tissues has 
been disintegration. The extent of damage has varied according to 
the kind of poison and the individual larva. The susceptibility of the 
insect^s tissues to the action of the poisons and the quantity and dis¬ 
tribution of the poison that reaches the affected areas are probably 
important factors in the individual variation. The extent of damage 
in individuals might be directly related to the initial dosage and the 
time over which the poison has acted, but these factors appear to be 
inseparable from individual variation unless large numbers of observa¬ 
tions are made. 
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)npitudinal sections from inidirut wall of poisoned lar\a 1, Lar^a poisoned by sodium &uoride» X 620; 
Bf larva poisoned b\ sodium fluoalumiiiate, showing injury toeidthelial cells, X 1400. 




At Alimentary itiual of the sixtb-instar southern armyworm exposed by inoision along the middorsal Ui|e 
of the body wall, X 3; B, longitudinal section from Inidgut wall of a normal sixth instar, X 690. 
Abbreviations: bmb, basement membrane; c met, circular muscle fiber; cul epth r, oalciform epithelial 
cell; col cpth c, columnar epithelial cell; /, fat body; M foregut; ft, bead; ftg, hind^gut; I melt lohgitudixial 
muscle fiber; mat f, Malpighian tubules; mg, mldgut; p, proventriculus. 




Plate 2 



Loogitudinsl section from midgut wall .1, Showing normal epithelial cells, X 121)0. B. showing injury to epithelial cells in larva poisoned by lead arsenate, X 1200. 
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ARSENICALS 

The mode of action of arsenicals upon protoplasm has received con¬ 
siderable attention from the therapeutic standpoint (f, 14 , 15), but 
not from the standpoint of insect control. The pathological effects of 
arsenic compounds on mammals have also ]^en intensively studied, 
especially in connection with the problems of iS^enic therapy (^, 6,10). 
In the mammal a diversity of lesions is produced by different com¬ 
pounds of arsenic, and specificity of action is exhibited toward dif¬ 
ferent species and toward different tissues. The injuries are usually 
definite structural changes in the cells, leading to disint^ation. 

Voskresenskaja (16) has made a chemical study of the degree and 
rifte of penetration of arsenical compounds through the intestinal 
>^all8 of several species of insects. Tareev and Nenjukov (IS) report 
that sodium arsenite causes complete necrosis of the midgut of 
Calliptamm. Pilat (11) found that the gut epithelium of nymphs of 
Locusta migratorixL L. had completely disappeared 96 hours after 
ingestion of this poison, and that the gut of caterpillars of Aglais 
iirticae L. was severely damaged. The’^^e was no evidence of injury 
to the gut of larvae of Pieris hrassicae L. 5K hours after ingestion of 
sodium arsenite. Evidence has been preserved (7, 9) to show that 
sodium arsenite and other arsenicals may ^netrate the integument 
of insects and become distributed in the underlying tissues and 
organs. 

Observed effects on the southern armyworm midgut of some 
arsenicals commonly used in control of different species of insects 
are described bclow^ 

Lead Arsenate 

By preliminary experiment it w^as determined that a dose of 0.5 mg. 
of the lead arsenate is lethal to sixth-instar larvae. 

Dos(‘s of 0.5 to 1 mg, of the poison were fed to larvae, of which 30 
were selected for study. The sandwiches containing the poison were 
readily consumed, generally within 20 to 30 minutes from the time 
they were offered. AftcT ingesting the poison the larvae usually 
became inactive, refusing to feed even on fresh leaf. Within a few 
hours some of the larvae again became active, but did not feed. 
Larvae were killed and their gut walls fixed for study 2, 8, 9, 10, and 22 
hours after the poison had been ingested. 

Damage occurred in midgut walls of larva that had been active 
immc'dintt'ly before they were prepared for study, as well as of larvae 
that w(u*e already severely affected or apparently dead from the 
poison. The extent of damage was not clearly related to the time 
the larvae were held after ingestion of the poison. Apparently any 
part of the midgut wall may be affected. 

The damage to the wall (pi. 2, B) is evident from the more or less 
complete disorganization of the cell structure. The various states of 
disintegration of epithelial cells are evidenced by the broken-down 
cytoplasm, vacuolization, merging of the cellular substance of adjacent 
cells, obliteration of the cell boimdaries, disappearance of the striated 
border, and changes in the nuclei. Fragments of epitheUal tissue, 
are sometimes present in the lumen of the canal. Damage to the 
nuclei is shown in different ways. Part of the nuclear substance may 
be extruded beyond its original outline in bizarre forms. In some 
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individuals the nuclear material may be condensed; in others it is 
broken into particles of irregular form and size. Affected nuclei may 
stain lightly or not at all, their position being indicated hy a faintlv 
stained rim. A few nuclei contained vacuoles. The calyciform cells 
may be misshapen, or they may stand out distinctly and apparently 
with httle or no damage to either the cell structure or the nucleus,, 
although surrounded by columnar cells in advanced stages of disin¬ 
tegration. The peritrophic membrane is unchanged in appearance 
except in the most advanced stages of disintegration of the wall; it 
then may be absent in whole or in part. 

After the death of larvae from lead arsenate poisoning, the epithe¬ 
lium rapidly breaks dowm and sloughs off (pi. 3, .4), leaving the 
basement membrane and muscle layers intact altliough the muscle 
fibers are obviously damaged (pis. 3, B, and 4, B), 

A short time after death of the larvae, splotches of black material 
appear in the wall of the alimentary canal, particularly in the mid¬ 
gut. The material is distinctly visible in both unstained and stained 
preparations. It may be distributed over the wall as pin-point spots 
in such a w^ay as to give the wall a sooty appearance. It also occurs 
in those parts of the Malpighian tubules, labial glands, fat body, 
and body wall that happen to be in contact with the affected areas 
of the alimentary canal wall (pi. 4, A). The occurrence of the deposit 
appears to be associated with the presence of the arsenic rather than 
the lead of the compound, since it did not appear after the larvae 
had ingested any of three other lead compounds- the acetate, chro¬ 
mate, or nitrate—but it did appear after they had ingested each of 
five other arseriicals—calcium, sodium, and potassium arsenates, and 
arsenic trioxide and pentoxide. The substance occurs as a deposit in 
the tissues of the midgut wall, and particularly in the muscle layers 
(pi. 4, B). The particles are found between the muscle libers, but 
there appears to be no actual union with the tissue substance. Scat¬ 
tered deposits occur among the fragments of the disintegrating epi¬ 
thelial tissue (fig, 3, 4). 

The deposition of arsenicals and other foreign substances in the 
tissues of animals has frequently been observed (3). The deposition 
and release of such stored substances are accomplished under more or 
less well-known conditions and may be followed by more or loss w’^ell- 
known consequences. Arsenic may form insoluble compounds with 
proteins in the tissues of mammals, and by reaction w ith the hydrogen 
sulfide of the intestinal contents may produce insoluble sulfides. Con¬ 
sideration of the distribution of insecticidal substances in Uie organs 
and tissues of insects, and of the conditions affecting their possible 
storage and release, might lead to fruitful lines of investigation in 
insect toxicology. 

Paris Green 

A sandwich containing 0.5 mg. of paris green w'as fed to each of 
several larvae, of which six were selected for study. The sandwiches 
were completely oaten within 20 minutes from the time they w^'cre 
offered. Although supplied with fresh, unpoisoned leaves, the larvae 
fed no more after ingesting the poison. One larva was killed after 
1 hour, at which time it was normally active. The other larvae were 
killed after 2% to 3% hours, at which time all showed only feeble signs 
of life. 
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PLATE 4 



Transverse section of labial gland of a larva jxiisoned b> arsenic tnotide* showinc deposit of black material on side next to the alimentary canal wall in an area con¬ 
taining the black deposit, X 120; i?, section taken in t he plane of the muscle la 5 er of the inidcut of a lar\ a poisoncfl by lead arsenate, showine the icicles of black 
material between tlie muscle fibers, X 5AJ. A bbrevialions • c met, {-irpular muscle fiber, d, defMisit of black material; I met, longitudinal muscle fiber. 
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The histological sections showed the particles of paris green well 
distributed in the lumen among the food particles. The epithelial 
cells showed slight evidence of disintegration similar to that described 
for lead arsenate, but much less marked. The peritrophic membrane 
was apparently intact. 

Pilat (11) found that the midgut epithelium of Locusta migratoria 
nymphs was very little damaged, if at all, 41 hours after ingestion of 
paris green, but that the epithelium of Aglau nrticae caterpillars was 
injured. 

(.‘alcium Arsenate 

Sandwiches containing 1 mg. of calcium arsenate each were offered 
several larvae, fivt' of whicli ate the entire amount. These sand¬ 
wiches were completely eaten within 1 hour after they were offered 
Although supplied with fresJi, unpoisoned leaves, the larvae fed no 
more after ingesting tin* poison, but regurgitated profusely. One 
larva was killed 1 hour after ingesting tin* poison, at which time it 
was active and apparently healthy. Two were killed hours after 
ingesting the poison, when they showed only feeble signs of life. The 
remaining t wo were kill(*d 3 hours after ingesting the poison, at which 
tinn* tln'i^e was a mark(*d shaking and twitcliing of the entire body. 
Tin* tissues of tin* midgut wall were gi*eatly (lisorganized, and the 
epithelial Iay(‘r appeared as a rather solid mass, occasionally present¬ 
ing fragments recognizable as c(»ll structuri^s. 

Calcicm Arsenitb 

Each of three larvae ate about one-third to one-half of a sandwich 
containing slightly more than 1 mg. of calcium arsenite. Tli€*y w(*re 
obviously very much affected within 2 hours, and after 3 hours the^v 
showed only feeble signs of life. The (*pithelium at this stage was 
highly disintegrated. The* muscle lay(*rs were in place, but the fiber 
structure was broken up. According to Pilat (fi), the midgut epi- 
theliiiin of Locusta migratoria nymphs and of Aglais urticae cater- 
])illars is destroyed more or less, depending in part upon the interval 
between ingestion of the poison and dissection. 

Arsenic Trioxide 

Two larvae ingested approximately 1 mg. of arsenic trioxide each 
withiiTi half an hour. One larva was killed 2 and the other 3 hours 
after ingesting the poison, at wliich times they showed only feeble 
signs of life. The midgut epithelium of these larvae showed only 
slight, if any. injury duo to the poison. A third larva ate an entire 
sandwich containing 5 mg. of the poison, ceased feeding immediately 
thereafter, and regurgitated profusely. It moved with difficulty 
after 5 hours. It was killed after 9 hours, at which time respiratory 
movements were the only signs of life. The entire midgut wall was 
severely damaged, as shown by meiging of the cytoplasm and general 
disorganization of all the tissues of the epithelium. 

O'Kane and Glover (5) demonstrated the passage of arsenic tri¬ 
oxide through the integument of Pjeriplaneta americana (L.), and its 
distribution in the tissues of the internal organs. 
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BARIUM FLUOSIUCATE 

Sandwiches containii^ from 0.2 to 1 mg. of barium fluosilicate 
were readily ingested within about one-half hour. Eight larvae had 
eaten sandwiches containing 0.5 to 1 mg. of poison, and three others 
ate sandwiches containing 0.2 to 0.33 mg. After ingesting the poison 
one larva ate an unpoisoned sandwich and then became inactive. 
All others refused to eat, and all were inactive. Poison effects were 
shown by sluggishness, limpness, abnormal jerking movements with 
or without stimulation, and occasional regurgitation. 

Larvae were killed and prepared for study 1, 3, and 5 hours after 
ingestion of the poison, and also when they appeai*ed to be near 
death, wliich was usually within 8 or 9 hours. 

In the histological preparations it was impossible to detect changes 
in the epithelium that could be attributed with certainty to the 
action of the barium fluosilicate. The individual cells showed little 
or no evidence of injury, and certainly no such disintegration as 
occurred with arsenicals. The peritrophic membrane was intact. 

SODIUM FLUORIDE 

Sodium fluoride in doses of 2 to 5 mg. was fed to the larvae. This 
quantity is lethal, <leath occurring within 3 to 12 hours. Two sand¬ 
wiches containing 5 mg. of the poison were completely eaten within 1 
hour, and several others were partially eaten within 2}^ hours. After 
ingesting the poison, the larvae occasionally regurgitated and showed 
abnormal movements such as sudden rearing of the head and thora.v, 
twisting from side to side, and turning ventral side up. Affected 
larv ae often were unable to crawl. They were inactive most of the 
time an<l refused to feed on fresh leaf. After a few hours they became 
limp. 

Jjarvae were killed and their gut walls fixed for study 5 to 10 hours 
after ingesting the poison, at wliich time they usually showed only 
feeble signs of life, such as faint respiratory movements and slight 
activity of the appendages on stimulation with a needle. 

Damage (pi. 5, A) to the midgut wall was shown in disintegra¬ 
tion of the substance of the cytoplasm and nuclei of the epithelial cells. 
The cytoplasm of the columnar epithelial cells often appeared dis¬ 
rupted, usually at the distal or lumen end, giving this part of the cells 
a ragged appearance. Damage to the nuclei of the calyciform as well 
as to those of the columnar epithelial cells is shown in part in a frag¬ 
mented and misshapen condition of the nucleus. Frequently the^ 
nuclei appear as solid-staining, apparently shrunken bodies, rather ^ 
than as normal granular bodies. OccasionaUy the nuclei of the 
columnar cells had almost disappeared, being located merely by a 
stained ring representing the outline o f th e nucleus, and bv scaiti^ed 1 
granules mside the ring. I'he cAlyclIorm cells present the usual out- ' 
line and appearance of these cells. The peritrophic membrane was 
unchanged in appearance. 

Pilat (11) found that the epithelium of Locusta migratorUi nymphs 
and Aglais urticae caterpillars is damaged by sodium fluoride. Hock- 
enyos (5) found that sodium fluoride can be absorbed in lethal amounts 
directly through the body integument of Periplaneta americana and 
Blatta orientalis L. 
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SODIUM FLUOALUMINATS 

Five larvae each readily ingest^ a sandwich containing 1 mg. of 
synthetic sodium fluoaluminate within 30 minutes. They were then 
quiescent for about an hour, after which they again became active 
without immediately showing symptoms of poisonmg. 

Two larvae were killed and their gut walls prepared for study 9 hours 
after they had ingested the poison, at which time one was unusually 
sluggish and the other jerked its body in an abnormal manner. Three 
larvae were killed 24 hours after ingesting the poison, at which time 
they were active and showed no such abnormal behavior. 

The midgut walls of all these larvae were greatly disintegrated, and 
there was no clear distinction in effects between the larvae killed 
9 hours and those killed 24 hours after ingesting the poison. The cross 
striations of the muscle fibers were faint or obliterated. Damage to 
the epithelium (pi. 5, B) was seen from the disorganization of the 
epithelial cells, merging of the cytoplasm of adjacent cells, and changes 
in the nuclei. The most frequently observed evidence of damage to 
the nuclei was fragmentation. In the same microscopic field with 
fragmented nuclei would often be others more or less slirunken and 
deeply stained, and still others apparently in the process of fading out. 
Exfoliation of the entire epithelial layer from the subjacent basement 
membrane occurred over extensive areas. 

PHENOTHIAZINE 

One larva was offered a sweetpotato-leaf sandwich containing 
approximately 1 mg. of phenothiazine. It immediately ate small 
portions from the edge of the sandwich, and then fed no more either 
on the sandwich or on fresh leaf. Within 24 hours it had become 
flabby and apparently lifeless except for feeble movements when 
toiiclied w ith a needle. There was no obvious change in its condition 
after GO hours. At this time a lighted electric bulb was brought near 
the larva, causing movements of the thoracic legs, followed by a more 
vigorous movement in wdiich the fore part of the body W’as thrown 
backwards until it touched the hindermost part of the body. When 
the bulb was removed, the larva immediately resumed its apparently 
lifeless and flabby appearance. 

The larva was then killed. Microscopical examination revealed no 
structural differences in any of the tissue elements of the midgut that 
could wdth certainty be attributed to an action of the phenothiazine. 
Even the delicate striated border was remarkably well preserved. 

ROTENONE 

Five southern armyw^onii larvae each ingested a sweetpotato4eaf 
sandwich containing 5 mg. of fine, chemically pure rotenone. The 
larvae wrere then placed on a living turnip plant, upon which they fed 
and reacted nonnally. From 75 to 84 hours later there were no changes 
in the microscopic appearance of the epithelial cells or other tissues of 
the midgut that could with certainty be attributed to rotenone. 

Rotenone dissolved in olive oil may cause severe hyperemia of the 
entire digestive tract of white rats (S). The effects of rotenone upon 
fish (4) consist primarily in the destruction of the gill epithelium, 
which makes the inspiration of oxygen impossible. 
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Rotenonc varies remarkably in its toxic action on different species 
of insects. Ingested rotenone apparently has no toxic action on the 
southern armyworm, and most of it passes through the insect un¬ 
changed {18). Cube, in which rotenone is the principal insecticidal 
ingredient, also is apparently ineffective as a stomach poison against 
the southern armyworm {17, 'pp. 62-63). 

In the present work silkworm larvae died wdthin about 2 hours from 
the effects of ingesting minute quantities of rotenone, whereas southern 
armyworm larvae readily ingested 5 to 10 mg. of rotenone in sand¬ 
wiches without showing any ill effects. 

SUMMARY 

Histopathqlogical effects of certain insecticides on the midgut. wall 
of the sixth-instar southern annyw’^orm {Prodenia erulania (Cram.)) 
were studied. Lethal or large doses of poisons were fed by the sand¬ 
wich incthod, and after sufficiently long intervals of time the larvae 
were killed and the tissues prepared by histological methods. Similar 
preparations of larvae that had not ingested poisons were used for 
comparison. 

The different insecticides showed differences in action ranging from 
no apparent effects to wcU-marked damage to the midgut wrall. The 
ingestion of arsenicals (lead arsenate, paris green, calcium ars('nat(*, 
calcium arsenite, and arsenic trioxide) was followed by disintegration 
of the midgut epithelial cells and damage to the midgiit muscle fih(*rs. 
Disintegration of the substance of the cytoplasm and nuchu of tin* 
epithelial ceils followed the ingestion of sodium Huoride. The epithe¬ 
lial cells of larvae that had ingested sodium ffuoaluminate wi'n". gieatly 
disintegrated, and the cross striations of the muscle fibers w'<*re faint 
or obliterated. The ingestion of barium lluosilicate. phenothiazim*, and 
rotenone w^as followed by no changes in the epithelium or nn»scl(‘ 
fibers that could be attributed with certainty to these* suhstanct‘s 
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THE INFECTION CAPABILITIES OF HOP DOWNY 

MILDEW* 


By G. R. Hoebneb 

Agent, Divieion of Drug and Related Plants, Bureau of Plant Industry, United 
Stales Department of Agriculture 

INTRODUCTION 

Downy mildow, Pseudoperonospora humvli (Miyabe and Tak.) 
Wils, was first obsei-ved in commercial hopyards in Oregon in 1930. 
Following a survey to determine the incidence of infection, an inves¬ 
tigation of the life history and infection capabilities of the causal organ¬ 
ism was inaugurated. The primary objectives of the investigation 
were to dctennine the host range of the fungus; to discover any evi- 
<lcnce of resistance to the fungus among botanical species, horticul¬ 
tural varieties, or strains of hops developed by means of selection or 
hybridization; and by attempting to infect all available known hosts 
of other species of the genus Pseudoperonospora, to eonfinn or dis¬ 
prove* the opinion * that physiological races of the fungus may exist. 

MATERIALS AND METHODS 

lu a j)revious paper the writer* discussed in some detail materials 
and methods employed and results obtained early in the course of 
(his investigation. 

In addition to hop seedlings, the leaves of hop plants grown frojii 
cuttings were employed. Both cotyledons and leaves of seedlings, as 
well as till* leaves of more mature plants of other host genera, were 
used. 1 n some instances excised cotyledons and leaves were incubated 
after inoculation in Petri dish moist chambem or floated in covered 
Fetri dishes of nutrient or sugar solutions. 

The methods of applying the inoculum varied also. In addition to 
the use of camel’s-hair brushes for the transfer of inoculum, water 
suspensions of zoosporangia were atomized onto the plant parts or 
placed in localized areas by means of a medicine dropper. 

HOST RANGE 

An extensive scries of inoculations with the zoosporangia of the 
hop downy mildew fungus was begun in 1931 and continued each 
year through 1937. 

The original inoculum was obtained from naturally infected hop 
plants in Oregon yards. 

Only positive results are recorded here. Optimum environmental 
conditions were not subject to accurate control, and to this circum- 

> Received for publication June 17,1940. Cooperative investigation by the Division of Drug and Related 
Plants, Bureau of Plant Industry, U. 6. Department of Agriculture, and the Oregon Agricultural Experi¬ 
ment Station. Technical Paper No. 296, Oregon Agricultural Experiment Station. 

I Salmon, £. S., and Ware, W. M. the downt milobw or the hop in 1930. Inst. Brevdng Jour. 37 
(n. s. 28): 24-32, ilfus. 1931. 

'Hoerner, G. R. downt mildew infection or hop seedunos. Inst. Brewing Jour. 38 (n. s. 29): 
470-471. 1932. 
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stance some of the negative results obtained doubtless can, in part 
at least, be attributed. 

Results are herein recorded as positive when the organism invading 
the infected host developed zoosporangia, whether or not accompanied 
by distinctly visible lesions on the inoculated parts not found on 
similar uninoculated parts. 


Source of inoculum 
Ffufnulus lupuJus L. 

V^arioty unknown 


Early Clusters__ 


Fujjfflos. 


Late Clusters.... 


HeU Vine 


IIvmuluH lupulvs 1. var. neo^mexicanvs 
Nets, and Ckll_ 


Urtica lyallii Wats. 


IJoBt ivfecUd 

( Humulus lupulus L.: 

Early Clusters. 

Early Green. 

East Kent Golding. 

Fuggles. 

Late Clusters. 

^Celtis wississippiemiH Bose. 

C. occuienlnlis L. 

C. sirf-ensis Pers. 

C\ tournefortii Lain. 
flumnlus lupulus: 

Early Clu.<ters. 

Fuggles. 

Late Clusters. 

. Red Vine. 

([fumuluH luymltis 
I Early Clusters. 

Fuggles. 
liate Clusters. 

Red Vine. 

('annnbta safira I..: 

Bologna. 

Kyinington. 

Palmate. 

Pinnatifid Simple Leaf. 

Simple Leaf. 

Tociugi. 

(Weltis mississippiensis . 

(\ occidentolis. 

C. sinensis. 

C. tourneforlii. 

Humulus japonicus Sieb. and Zuee. 
//. japonicus var. variegotus Hort. 
//. lupulus: 

“Bohemian.” 

Early Clu.sU*r.s 
East Kent Golding. 

Fuggle.s. 

Late Cluster.'^. 

Red Vine*. 


//. lupulus var. neo-uojticnnus N<‘ls. 

and Ckll. 

lyallii W'at>. 

{ Humulus iLpulus: 

F»iggle.s. 

Red Vine. 

Humulus lupulus: 

Fuggles. 

Late Clusters. 

Red Vine. 

Humulus lupulus var. neo^me^icanus. 
\Urtica lyallii. 

'Humulus lupulus: 

Fuggl^. 

Late CUiaters. 

Urtica lyallii. 
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It is of interest, in passing, to note that all attempts to infect 
available hosts of Pseudoperonospora cubensis (B. and C.) Rostowzew, 
P, eradii (Fckl.) Wils., and P. portoricensis (Lamkey) Hoemer ^ were 
nnsuccessful. Host material of P. elatostemae (Togashi and Onuma) 
Hoerner * was not available. 

RESISTANCE 

Of the botanical species of hops inoculated, Humvlus japonicm 
and H. japonicus var. mriegaius showed some evidence of resistance. 
This fact is of doubtful economic importance, however, since both 
species are amiuals and may not, in view of present knowledge,* be 
suitable for hybridization with the perennial species and varieties 
of H. lupuluSj from which many of the hops of commerce are derived. 

In addition to the inoculation work recorded above, field observa¬ 
tions were made and additional inoculation work was carried on with 
a number of standard varieties, seedlings, and strains of hops devel¬ 
oped by selection or hybridization at the Oregon Agricultural Experi¬ 
ment Station in cooperation with the Bureau of Plant Industry, in 
search for possible immunity to downy mildew. No immunity was 
found. Apparent differences in susceptibility which have appeared in 
certain lines have not maintained themselves consistently in subse- 
(juent tests. The evidence leads to the conclusion that individual 
plants may escape infection, for various reasons, for several yeai*s. 
although tliey are not genetically resistant. 

The development of zoosporangia resulting from inoculation was 
relatively sparse on all other hosts as compared with that on Humnlus 
spp. Large hypersensitive areas appeared consistently on the coty¬ 
ledons of Celiis occidentalis and on both cotyledons and leaves of 
C. missusippiensuj C. sinensis^ and C. toumefortii. Similar evidence 
of subinfect ion’’ was a common occurrence also on the leaves of 
TMim lyallii. 

Tlie hypersensitive aretis referred to were definitely necrotic but 
indefinite in outline (fig. 1). The surface, in time, usually became 
depressed in relation to the surrounding normal tissue. Affexjted 
tissue became discolored through varying shades of yellow, brown, or 
black. Oftentimes no zoosporangia were produced in the necrotic 
area; when produced, they were noticeably fewer than those produced 
on infected plant parts not developing the hypersensitive areas. 

These phenomena indicate that the different host species provided 
different physiological environments for the invading organism. - 

In view of the fact that all species tested of the genera Cannabis^ 
CeltiSy HumulnSj and Urtica, which are hosts respectively of Pseudo- 
peronospora cannabina (Otth) Hoerner, P. celtidis (Waite) Wils., 
P. hwnuli (Miyabe and Tak.) Wils., and P, uriicae (Lib. ex Berk.) 
Salm. and Ware, became infected with P. humuli, it would seem not 
outside the range of possibility that they may, after all, prove to be 
only different physiological races of one of the species of the genus 
Pseudoperonospora . 

♦ Hokrnbe, G. R. a nomenclatorial note on pseudoperonospora. Wash. Xcad. Sc!. Jour. 3o: 
133-134. 1940. 

» Wing, Ofjvlndj. in. the polunation and eertzlization processes in bumulvs ltjpulus i. and 
H. JAPONICUS 8 IEB. AND zucc. In Schmidt, Johs.. iDvestigations oo Hops (Humulus lupulus, L.). Carte- 
borg Lab. Oompt. Rend, dos Trav. 11: 1-44, Ulus. 1914. 
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Kkuire J. Lower Hurfaco (.1) and uptwr Mirface iti) of nettle leaf {(■rlica lyalltn 
infected with hop downy mildew (PseudoprronnHpnrn hvmidi)^ showing hyper¬ 
sensitive areas. 

SUMMARY 

The host range of the hop downy mildew fungus was found to ho 
considerably more extensive than had previously been reported. All 
hosts, liowever, were members of the nettle family. 

Of the botanical species of hops inoculated, Humulu^s japonicus and 
IL japonicus var variegatus showed some evidence of resistanc<‘. 
Evident*!' of resistance on the part of horticultural varieties or strains 
of hops developed by means of selection or hybridization was incon¬ 
clusive. Further study to confirm preliminary indications is necessary 
before definite conclusions would be jiistifieu. 

In view of the infection by the hop downy niildc'w of species of 
OannabiSy Celtis, and [Mica, hosts respectively of Pscudoperonospora 
canuubina, P. celtidis, and P, urticae, it is suggested that the forms 
of Pseudoperouospora described under these names, along with P. 
hurnuli, may eventually prove to be* physiological races of a singh* 
species. 





CHEMICAL AND PHYSICAL PROPERTIES OF SOILS AND 
OF THEIR COLLOIDS DEVELOPED FROM GRANITIC 
MATERIALS IN THE MOJAVE DESERT ‘ 

By I. C. Brown, associate chernistf Division of Soil Chemistry and Physics^ and 
"M. Drosdoff, assistant chemist^ Division of Soil Survey^ Bureau of Plantlndus^ 
try. United States Department of Agriculture 

INTRODUCTION 

The opinion has boon prevalent that desert soils for the most part 
arc composed of sandy and gravelly materials which are loose and 
porous in character except for local areas of lime and gypsum hard- 
pans. Lapham (2^) ^ obiected to this view and suggested that this 
concept developed through theoretical considerations and from the fact 
that the early studies of Hilgard and others were largely directed to 
areas of slightly weathered alluvial soils which were well situated 
with reference to water supply for irrigation. Thus Hilgard (16) 
stated that in the arid regions ^Hhe formation of colloidal clay is very 
much diminished, so that most soils formed under arid conditions are 
of a sandy or pulverulent type.^^ 

More recent studies of soils in arid regions indicate that the forma¬ 
tion of soils with considerable clay content is common in areas of 
limited rainfall, both in the northern and southern deserts. In many 
of the recent soil surveys of southern Arizona and California, typical 
mature desert soils are described in which the subsoil contains a rela¬ 
tively large amount of clay (Sly SI). 

Nikiforoff (2G)y in a morphological study of the soils of the Mojave 
, Desert, fouml that one of the principal zonal characteristics of south¬ 
ern desert soils is the presence of a reddish-brown clay layer, or ‘‘clay- 
pan,'’ in the lower part of the solum. In areas of higher rainfall the 
cause of claypan formation is assigned by Brown, Rice, and Byers (6) 
to the flocculation and filtering out of the eluviated colloid. Bray 
(3) concluded that in certain Illinois soils a claypan is formed by ver¬ 
tical transfer of clay without much alteration in its composition. 
Nikiforoff (26) did not find any evidence in the field study of the 
Mojave Desert soils to indicate an illuvial origin of the claypan. He 
suggested that the clay layer is formed in place by the hydrolytic de¬ 
composition of the primary minerals. It seemed desirable to make a 
laboratory study of the soils of this area in order to obtain further 
evidence bearing on this hypothesis and to add to our meager knowl¬ 
edge of the chemical composition of desert soils. 

DESCRIPTION OF THE SOII^S 

The soils were collected by C. C. Nikiforoff, of the Division of Soil 
Survey, and the junior author. Special care was taken to select soils 
with a more or less distinct claypan; one soil, however, without such 
a horizon (profile F) was also sampled as a representative of the 

1 Hecelved (or publication August 3,1040. 
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common but apparently underdeveloped soils of the alluvial fans in 
the desert. 

The samples were collected in the southwestern part of the Mojave 
Desert. Five profiles were selected within a few miles of Mojave, in 
Kem County, and one profile (B) in San Bernardino County, both in 
California. 

The climate of the Mojave Desert is arid and hot. It is of the 
so-called Arizona type that is characterized by a distinct winter con¬ 
centration of rainfall. The mean annual rainfall is slightly less than 
5 inches, and more than three-fourths of it falls during the winter. 
The mean annual temperature is about 65° F. 

The winter rains are gentle and practically all the rainfall is absorbed 
by the soil, which usually becomes moist during this period to a depth 
ranging from about 2 to more than 5 feet, depending upon the annual 
variation of the seasonal rains. Tliis moisture permits the seeds of 
annual plants to germinate and supports the short but sometimes very 
spectacular spring outburst of desert flora. The return of the usual 
summer aridity and heat of the desert quickly terminates the vegeta¬ 
tive period. The rains during the summer arc rare and usually fall as 
heavy showers of short duration. Most of this water is lost through 
run-off; it seldom penetrates the soil more than 1 inch, and the soil 
dries up almost as fast as the rain passes. Only the most drought- 
resistant perennial plants survive throughout the year; the most typi¬ 
cal of these are the creosotebush {Larrea dimricata ('’av.), certain 
sages, the Joshua-tree {Yucca brevifolm Englem.), and several 
varieties of cactus. 

As the area in which the soil samples used in this investigation wc»re 
collected has not been covered by a detailed survey, the soils have not 
as yet been correlated. The soils developed from a residual granite 
material (profiles A, B, and C) are tentatively grouped into the Muroc 
series. This name, however, is subject to possible change when th(* 
final correlation is made. The soil represented by profile E is very 
similar to the soils of the Mojave series. No names were suggested 
for the soils represented by profiles D and F. 

A short description of each profile as furnished liy the collectors 
follows: 

PIIOFILE A 

Location ,—Mojave desert, 7.75 miles east of Rosamond, along the 
road to Muroc and about 2.25 miles north of highway. Elevation 
about 2,900 feet. A gentle slope to the south from the base of a low 
rocky ridge. Surface drainage is good. 

Vegetation,- Widely spaced creosotebushes and other desert shrubs; 
a few single Joshua-trees. Much of the surface between the shrubs 
is bare and covered with a thin coat of angular grit. 

Parent material—\ery gi’itty and derived from granite. Rotten 
rock generally occurs at a depth ranging from a few inches to mon^ 
than 2 feet from the surface. Numerous outcrops of bedrock are 
scattered all over the area. 

Description of the profile: 

1 (?). 0-2 inches. Probably overwash. Loose gritty loam of a medium brown¬ 

ish-gray color. 

2 (Bi). 2-5 inches. A very compact gritty clay of a bright dark reddish- 

brown color; sticky when wet, hard and massive when dry. 
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3 (Bj), 5-11 inches. Practically the same texture, color, and consistence as the 

overlying horizon but differs from the latter in structure. It breaks 
into well-defined roughly prismatic clods. The surfaces of these clods 
are much darker t han the interior. 

4 (B.O. 11-14 inches. Gritty clay of a less brilliant and somewhat lighter red¬ 

dish-brown color. It* breaks on drying into coarse irregular lumps. 

5 (C). 14-34 inches. R*)tten granitic rock. To alx>ut 40 inches from the sur¬ 

face this material has a pinkish-brow'u to rusty-brown color. Furthcir 
down the pink and brown tints disappear and (he disintegrated rock 
retains the light-gray color of the original solid granite. 

Th(^ free carbonates appear at the depth of 12 inches from the sur¬ 
face. In Ba subhorizon, a weak pseudomycclium is formed. In the 
(iisintegrated rock, carbonates form numerous anastomosing mostly 
horizontal streaks, ranging in thickness from a mere film to more 
than 1 inch. 

PROFILE B 

Location. —Mojave desert, 7.4 miles north of Kramer corner (cross¬ 
road 35.5 miles east of Mojave). About 300 feet west of highway, 
Klevation about 3,000 feet. IjOw, very gently sloping granitic ridge. 
Surface drainage is good. 

Vegetation. —Sparsely scattered desert slirubs with a practtically bare 
surface between them. 

Parent material. —Residual from granitic ro(^k. 

Description of the profile: 

1 (?). 0-7 inches. Probably overwash. Friable gritty loam of a dull medium- 

to light-brown color. Its thickness at different places ranges from less 
than 5 inches to about 2 feet. 

2 (Bj). 7-10 inches. Compact gritty clay loam of a bright but rather dark red¬ 

dish-brown color. It breaks on drying into roughly prismatic clods. 

3 (It.)- 10-14 inches. The same color, texture, and consistence as Bi. but it 

does not crack as much. It is highly calcareous and differs in this respect 
from B|, which is practically free from carbonates. The carbonates form 
numerous pure-white segregations, ranging in diameter from a small frac¬ 
tion to about 1 inch. 

•1 (Hi). 14~24 inches. Strongly weathered gritty gra»»itic material impregnated 
with abundant streak«^ formed by carbonates. 

PROFILE C 

Location.- inih^s east of Mojave along the highway toBai’stow 
and 1 mile north of the highway. Elevation about 2,800 feet. Un¬ 
dulating to gently rolling topography of a wide and low granitic 
ridge. Surface drainage is good. 

Vegetation. —Sparse oreosotebushes ancj other desert shrubs. Prac¬ 
tically bare surface between the bushes. 

Parent material.- Residual from granite. Rotten rock occurs at a 
depth ranging from less than 1 to more than 2 feet. 

Descriptio7\ of the profile: 

1 (?). 0-6 inches. Ijoose, structureless, gritty sandy loam of a light gra>ish- 

brown color. 

2 (Aa). 6-10 inches. Somewhat heavier in texture, slightly more reddish in 

color and considerably more compact than 1. 

3 (B). 10-17 inches. Gritty clay loam of a medium-brown to reddish-brown 

color and of a compact but crumbly consistence. Breaks on drying 
int/O poorly defined but roughly prismatic clods. 

4 (Ci). 17-26 inches. Crumbly, disintegrated granite of yellowdsh- to rusty- 

brown color, with numerous red spots and films in cracks. 

5 (C 2 ). 36-48 inches, liight-gray disintegrated granite, considerably kiss 

crumbly than C^. 

274522-40 - 2 
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Carbonates appear at a depth of about 9 or 10 inches from the 
surface. 


PROFILE D 


Location. —3.55 miles north of Mojave along the highway to Bishop. 
Elevation about 3,000 feet. Broad alluvial fan, very gently sloping 
eastward from the base of Tehachapi Mountains toward the playa. 

Vegetation. —Creosotebushes, with a few scattered Joshua-trees. 
Practically bare surface between the slirubs. 

Parent material. —A gritty indistinctly stratified water-laid deposit. 
Description of the profile: 

1 (?). 0-12 inches. Probably mechanical overwash rather than a genetic 

horizon. Structureless gritty loamy sand to gritty sand of a light-brown 
color and of a friable consistence. It is covered by a thin somewhat 
compacted but fragile crust underlain by a porous (vesicular) material 
of very light-gray color extending from 1 to 2 inches from the surface. 

2 (B). 12-24 inches. Gritty sandy clay loam of a bright-brown or reddish- 

brown color and of a compact consistence. It is sticky when wet and 
breaks into irregular, roughly prismatic clods when dry. 

3 (Cl). 24-36 inches. Brittle, weakly carbonate cemented hardpan, composed 

of gritty sandy clay loam with a small admixture of gravel. 

4 (Cj). 364* inches. Crumbly to friable gritty sand of light grayish-brown 

color. Content of gravel increases gradually in deeper strata, but 
stratification is rather indistinct. Segregation of carbonates in pockets 
and streaks produces a slight local cementation. 

Carbonates appear at a depth of about 27 inches from the surface. 
At a depth of 50 inches and deeper, the content of carbonates increases 
and they segregate in crumbly, more or less horizontal streaks ranging 
in thickness from a mere film to more than 1 inch. 


PROFILE E 

Location.- 3 miles east of Mojave along the highway to Barstow. 
Elevation about 2,700 feet. Broad flat at the base of Tehachapi 
Mountains. The general surface is nearly level, marked by a slightly 
developed microrelief. Surface drainage is fair. 

Vegetation. —Sagebrush and other desert shrubs, with very scant 
growth of annuals between the shrubs. Areas of practically bare' 
surface are numerous. 

Parent material. —Presumably stratified old water-laid deposits 
(basin filling) of undetermined thickness. 

Description of the profile: 

1 (?). 0-5 inches. Probably a recent mechanical overwash, loose, structureless, 

gritty loam of a medium grayish-brown color. 

2 (Bi). 5-10 inches. Gritty clay loam of a reddish-brown color and ver> 

compact consistence. Breaks into coarse angular clods when dry; 
massive and very sticky when wet. 

3 (B 2 ). 10-20 inches. Gritty clay loam of a much brighter and somewhat 

darker reddish-brown color and of a somewhat heavier texture than in 
the Bi. It has a very compact consistence and breaks into well-defined, 
roughly prismatic clods on drying. 

4 (By). 20-34 inches. Gritty clay loam of a somewhat lighter and duller 

color than that of Bj and Rs; more or less massive, very compact, and 
moderately cemented by carbonates. The carbonates form a very fine 
moldlike pseudomycelium that thoroughly penetrates the subhorizon. 
A small admixture of gravel is present. 

5 (C). 34+ inches. Loose coarse sand, grit, and gravel mixed indiscriminately. 

General color is light grayish brown. 
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PROFILE P 

Location .—4 miles north of Mojave along the road to Bishop and 1 
mile east of the highway. Elevation about 2,800 feet. Lower part of 
a broad alluvial fan. An exceedingly gentle general slope eastward. 
Surface drainage is good. 

Vegetation .—Widely spaced growth of creosotebushes; an occasional 
Joshua-tree. Between the creosotebushes are interspread Orayia 
spinosa (Hook.) Moq., Cassia armata Wats., Franseria dumosa Gray, 
and several other desert shrubs, Eriogonum inflatum Torr., Oxytheca 
perjoliata Torr. and Gray, Gilia, etc. 

Parent material .—An indistinctly stratified fan alluvium several 
hundred feet thick. 

Description of the profile: 

1 0-3 inches. Very porous (vesicular) and friable sand of very light-gray color. 

Its surface is compacted into a thin crumbly crust covered by a coat of 
granitic grit. 

2 3-16 inchcjs. A structureless friable sand to loamy sand with a small ad¬ 

mixture of granitic grit; very light brown in color. 

3 16-48 inches. Similar to the above horizon except for a somewhat finer tex¬ 

ture near the base and a moderate content of carbonates, which are dis¬ 
seminated throughout the material without any distinct efflorescence. 

4 48 inches. A structureless sandy loam of a dull-brown color thoroughly 

mottled with a rich pseudomycelium of carbonates. It is rather mellow 
in a moist condition but bakes on drying into a massive and slightly 
cemented pan. 

METHODS OF EXAMINATION 

Tlu‘ methods used iii determining the various constituents and prop- 
('rtics of the samples of soils and the colloids extracted from them were 
essentially those in general use by the Division of Soil Chemistry and 
Physics. They have been described in detail in the publications 
cited below. 

All of the soils were air-dried before making the laboratory det(»rmi- 
natioiis. The mechanical analy^ses were made by the pipette method 
described by Olmstead, Alexander, and Middleton {27), except for the 
added changes mentioned by Knight {20). As this method requires 
the removal of organic matter, the approximate percentages obtainable 
by this procedure are also recorded. The hydrogen electrode described 
by Bailey {2) was used in determining the pH value of the soil. TIk' 
soluble salts were determined by the bridge method described by 
Davis {8), The ratio of water to soil was 10 to 1. 

The chemical analyses of both the soil and colloid were made ac¬ 
cording to the procedure described by Hillebrand {17) and as outlined 
by Robinson {29). Replaceable bases and base-exchange capacity 
were determined at pH 7.0, normal ammonium acetate being used as 
the replacing agent. 

The pi-ocedure used for extracting the colloids from the soils has been 
described by Brown and Byers {4). No dispersion agent was used. 
The soil was dispersed in 3 gallons of distilled water, by means of a 
mechanical stirrer described by Holmes and Edgington {18). The 
suspension was decanted into 7 gallons of water and centrifuged at the 
rate of 17 seconds per liter at a speed of 16,500 revolutions per minute 
(bowl diameter, 4 inches). The colloid, still in suspension, was col¬ 
lected on a Pasteur-Chamberland filter, and the filtrate was used 
again to disperse the sediment removed from the centrifuge bowl. 
The process was repeated two to four times, until an adequate amount 
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of colloid was obtained. Very few of the colloid particles exceeded 
0.3 m in diameter; most of them were much smaller. 

The data are presented in separate tables. Certain derived data 
have been segregated. In these, only the oxides of magnesium, 
calcium, potassium, and sodium arc referred to as bases. In calcu¬ 
lating certain derived data, the percentage of each constituent is 
divided by its formula weight. These quotients are compared in the 
ratios. 

ANALYTICAL RESULTS 

The mechanical composition of the six profiles is presented in table 
1. The analyses in this and in other tables are divided into two 
parts: (1) Soils derived from granite and (2) soils derived from alluvial 
fan materials. Each of these divisions is arranged in the order of the 
profile development of the claypan in them. In these mechanical 
analyses the usual procedure of using only the portion consisting of 
particles less than 2 mm. in diameter is adopted, as this is the portion 
usually defined as soil. With these and other data, some of the pos¬ 
sible causes of claypan formation in desert soils will be explored. 


Table -Mechanical analyses of Mojave Desert soils * 
DERIVED FROM GRANITE 
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DERIVED FROM ALLCVIAL FAN MATERIALS 
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6.2 

7 0 

13.9 

.1 

16.6 
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1 AniUyses bv T. M. Shaw, £. F. Miles, and A. £. Yelmgren. 
s Broken rook. 
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The first five of the profiles have a marked accumulation of clay in 
the part commonly defined as the B horizon. The last profile does 
not. The surface horizon of each profile may be overwash, as indi¬ 
cated in the descriptions of the profiles. 

In profile A, horizon 2 has nearly 36 percent clay, and horizon 3 
has only a little less. Horizon 4 rests on the broken parent rock and 
contains still less clay. Profiles B and C are similarly developed, 
though the percentage of clay in the subsoil horizons is not so high 
as ill A. 

The last three profiles in table 1 are developed on alluvial fan 
materials. The character of these profiles is necessarily somewhat 
different from that of the residual soils. It is evident that their 
texture may be modified by the qiiantitv, the kind, and the size of 
rock fragments poured out and deposited on the alluvial fans by the 
intermittent torrential floods issuing from the often dry beds of 
mountain streams. The upper, more recently deposited layer, of 
course, would be less modifiea by profile development than the deeper 
parts. The character and age of the whole deposit, for that matter, 
would greatlv influence the character of the soil. Most of the ma¬ 
terial in each profile appears to be derived from granite. Profiles 
D and E have distinct clay layers in the subsoil horizons. Although 
from the field evidence there is some question as to whether the clay 
was formed as the soil developed or whether it was water-deposited, 
there arc indications that the clay has been developed in place as a 
result of soil-forming processes. Profile F has no clay layer and 
appeal’s to bo composed of more recently deposited stratified layers of 
(‘oarse material. 

In an attempt to discover the source of the formation of so large a 
proportion of clay in certain horizons, a preliminary mincralogical 
examination of the whole soil and of the sand fractions of a few 
profiles was made. This examination showed, as Brown and Dros- 
doff (5) have reported, that alteration of the feldspar is marked and 
the less easily decomposable minerals have also been altered. It was 
evident, however, that, although losses have occurred only minor 
differences in the mineralogy of the profiles are distinguishable. 

While the mechanical analysis was being made, it was found that 
the coarse particles of the partly weathered biotite mica exfoliated 
readily when treated with hydrogen peroxide (11). This was caused 
by the presence, between the mica plates, of manganese dioxide, 
which decomposed the peroxide and caused exfoliation. This re¬ 
sulted in an increase in the coarse separates and a consequent decrease 
in the finer fractions, owing to the cohesion of the exfoliated plates of 
mica when the soil w as heated after the peroxide treatment. How¬ 
ever, the differences were not significant because of the relatively 
small percentage of this hydrated biotite mica. 

The results of chemical analyses of the soils (table 2) indicate their 
granitic origin, although the soils of profiles D, E, and F are derived 
from transported alluvial fan material. The silica seldom exceeded 
70 percent and was never less than 60. The sesquioxides and the 
bases fall well within the percentages occurring in granites. All parts 
of the profiles have been altered by weathermg. Hydrolysis of the 
minerals has taken place, and the soluble matenal has been removed 
from the residue by the small amoimt of water that percolates through 
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the soil during the rainy season, as indicated by the small amount of 
soluble salts present. The soils are, nevertheless, alkaline throughout. 
The pH value was never less than 7.4 nor ^eater than 9, and was 
usually about 8. The lowest alkalinity usually occurred in the clay- 
pan horizons, where weathering tended to be greater than in other 
parts and the soluble bases had been removed. 

The chemical analyses of the soils of the alluvial fans do not always 
show the effect of degradation of the primary minerals in the more 
continually moist claypaii zone. The heterogeneous material of the 
alluvial fan is, however, largely derived from granitic sources, but tlu^ 
irregularities of deposition, in amount, time, and place, produce a 
condition that is only imperfectly overcome in the fonnation of a 
profile. 

The results of chemical analyses of the colloids are presented in 
table 3. Decomposition of the primarv minerals of the soil, pro¬ 
nounced losses of silica and sodium by leaching, and consequent in¬ 
creases of the sesquioxides, magnesium, and the ignition loss of tht* 
colloids, as compared with the analyses of the soils in table 2, are im- 
iiK'diately apparent. Contrary to expectation, the low rainfall of the 
desert has supplied sufficient moisture for hydrolysis of the parent 
minerals and an effective seasonal leaching of the products in times of 
great supply. Marbut ^ has suggested that in regions of low rainfall 
soil characteristics may be produced similar to those of more humid 
areas if the rain is concentrated in certain seasons. Also Nikiforoff {26) 
has pointed out that the surface layer of the Desert soils dries quickly 
after rains and may form a mulcir to keep the subsoil moisture from 
evaporating. 

In these soils the field evidence is not altogether clear as to the 
relationship of the surfactr horizon to the rest of the profile, but it is 
certain that some movement of the surface material has taken place. 
Water has occasionally flowed over the soil, but most of the time the 
bare surface, protected only by scattered, scrubby vegetation, is ex¬ 
posed to the ravages of the desert winds. Apparently the composition 
of the colloids has not been appreciably altered by any transfer that 
has taken place. No sharp break in composition occurs in the profiles, 
and each horizon is apparently related to its neighbor. The colloids 
nijiy, therefore, b(i examined as in normal soil profiles. 

The colloid composition varies little with the intensity of clay pan 
d(W(dopment in both the residual soil profiles derived from granite 
and the alluvial fan soils. As sodium is low, it is evident that the 
colloids are saturated with other bases, the carbonates have not been 
removed from the lower parts of the profiles, the soils are alkaline, 
and the silica lost has probably been removed as a sodium silicate. 

The formula weight ratios (table 4) show a certain uniformity 
throughout this group of Mojave Desert profiles. The silica-sesqui- 
oxide ratios ranged from 2.46 to 3.27. The difference was less in any 
one profile. If this ratio is corrected for the free iron oxide preserit 
in profiles A and D, it is found to be slightly higher in each horizon, 
ranging from 2.6 to 3.4. It usually increased in the deeper, less 
weathered parts of both the residual and alluvial profiles. If, however, 

> C. F. Mabbut. soil OKNJESis AND CLASSIFICATION. U, S. Dopt. Agr. Oisd. School Lectures No. 10 
6 pp.) and No. 30 (32 pp.). 1928. [Mimeographed.] 
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Table 3. —Chemical analyses of Mojave Desert soil colloids 
DERIVED FROM GRANITE 
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iron oxide, whether free or combing, is wholly ignored and silica is 
compared directly with alumina, it is noted that about the same 
uniformity prevads throughout the samples, the ratios ranging from 
3.16 to 4.15. With few exceptions a fairly regular increase with depth 
occurred irrespective of the amount of clay m the profile. Although 
the change was not great, it indicated that the small amount of water 
that penetrated the soils had removed silica from the upper parts of 
most of the profiles. 

Table 4 .—Derived data: Mojave Desert colloids 
DERIVED FROM GRANITE 
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('.3418--. 

6 

34-44 

3.00 

3 2 

.3.87 

6 30 

1.41 

2.75 

8.39 1 

10.85 

Profile F. 




1 





1 


('3879 

1 

0-3 

2. 70 

i 2 9 

3.39 

5 20 

I 21 

2.80 

8.84 

11.95 

(’:3880-81 

•'2-3 

3-16 

2.77 

2 9 

3.43 

5. 48 

l.,34 

2 .50 

8 22 

11.05 

('.3882-84 

«4 U 

16- 48 

3.08 

3 2 

3.78 

5 18 

1.32 

2 86 

8 29 

11 . 

< '3885 

7 

48 60 

3 27 

3 4 

4.10 

! 4.86 

1 

1.37 

2 99 

7. 64 

11.44 


> Conibmcd iron oxide. 

* Oxides of Mu, ('a, K, and Na 

Ignitioii loss less the organic matter, plus the Abater equivalent of the l)a.ses. 

< Ignition loss less the organic matter. 

«Ignition loss less the organic matter plus the water equivalent of the bases, corrected for the organic 
matter and carbonate content. 

• Composited. 


The siliea-base ratio was low and showed only slight variation in 
each iJrofile as well as in the whole group of samples, irrespective of 
the origin of the materials on which the soils had formed. Although 
removal of bases, especially sodium, had occurred during the hv- 
droljrsis and d^adation of the primary minerals, a large part of the 
magnesium and most of the other bases still remained In the colloid 
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The combined water in the whole group of colloids ranged from 
7.14 to 9.20 percent. The average was 8.30. The variation from 
the mean was 18.9 percent. In profiles B and F the combined water 
was higher in the surface horizon than in other parts. In the other 
profiles the combined water tended to be greater m the deeper, cooler 
parts. In none of the profiles did it follow closely the clay content 
of the soils. 

The combined water of the soil acid postulated W Byers (7) showed 
less variation than the combined water alone. The variation from 
the mean was 13.4 percent, and the tendency to increase with deptli 
occurred more regularlv and more often than in the combined water. 
The highest values always occurred in the deeper parts of tbost‘ 
profiles containing a claypaii. The hypothetical combined water of 
the soil acid is obtained by adding the water equivalent of the bases 
to the combined water and correcting the sum for organic matter. 
It carries no implication as to how the various constituents arc 
combined in the component clay minerals of the soil. 

A comparison of cither silica or alumina with the combined watej* 
of the soil acid shows still greater imiformity than the other ratios 
throughout all of the profiles. The average of the ratio of the com¬ 
bined water of the soil acid to silica was 1.35 and to alumina, 2.77. 
The variation from the mean of the first was 11.5 percent and of the 
second, 12.6. The variation within anv one profile was very much 
less. These ratios indicate a remarkable uniformity in the relation¬ 
ships between the three principal constituents of the colloids irre¬ 
spective of the amounts of each in the component minerals in the 
colloid. 

The calculation of the combined water of the soil acid rt^sts on the 
assumption that all of the bases present are replaceable by hydrogen 
on complete hydrolysis of the colloid complex. Recent evidence 
based on X-ray examinations indicato that a part of soiru' of tluj 
bases, particularly magnesium, exists as a substituent for aluminum 
in the lattice structure of the clay minerals (/4. 24, 25, 2S). Con¬ 
sequently the assumption that hydrogen can rc^place all of tin*, bases 
is probably not valid. Moreover, the base-(»xchange relations of tlu' 
colloids (table 5) show that only about 11 percent of the total mag¬ 
nesium is exchangeable. The work of Kelley, Dorc', and Brown 
{19) indicates that, ujx)!! grinding, all of the bas(»s of the colloids 
can be extracted with ammonium acetati*. This docs not necessarily 
show that an increase in the base-exchange capacity occurs and that 
these bases are actually replaceable by hydrogen. Piobably this 
increase of bases, removed after griiufing, is accompanied l>y the 
disintegration of a part of the colloid complex, as is indicated by 
Drosdoff {10). 

These various relationships indicate that th(^ principal constituents 
of the colloids arc essentially the same in all the profiles presented. 
It is also evident that profile variations of the colloid composition 
are slight irrespective of the remarkable quantity of clay in parts of 
most of the profiles. It appears certain, however, that the com¬ 
position of the colloid is only slightly influenced by many factors 
that cause profound differences in the distribution of the clay and 
other morphological properties of the soils. The changes in mor¬ 
phology are greater than expected in soils receiving so little rainfall. 
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Another point of interest is the fact that the colloid extracted from 
the rotten granite rock of profile A, horizon 5, has essentially the same 
chemical and mineralogical composition as the claypan horizon con¬ 
taining over 35 percent of clay. It was surprising to find that the 
apparently slightly weathered granite contained as much ^ 14 percent 
of clay. As the material had been broken and powdered in the course 
of coUectuig the sample, a further mechanical analysis was not made, 
but from observation it appeared that the material was largely coarse 
sand and gravel with the clay particles sticking to the coarser particles. 
Although rock decomposition in this profile is far from complete, 
apparently the colloids formed have reached an equilibrium with 
their environment. 

Information about the base status of representative colloids was 
obtained by determining the exchangeable-base and base-exchange 
capacity of*one of the residual soils (profile A) and one of the alluvial 
fan soils (profile D). These results are shown in table 5. They indi¬ 
cate that the colloids are practically all saturated with bases and that 
those which are replaceable consist almost entirely of calcium and 
magnesium. The (exchangeable sodium and potassium were very low. 
In profile A tlu* ratio of exchangeable calcium to exchangeable magne¬ 
sium was approximately 2 to 1 whereas in profile D it was rouglily 4 to 1. 

The calcium present in the (jolloids was over 83 perccmt exchangeable 
in all except the lowest layer in each profile. It appears that the hori¬ 
zons havhig the most clay have less calcirun in the non exchangeable 
fonn. This indicates that hydrolysis has proceeded further in the 
(daypan than in other layers. Only about 10 to 15 percent of the total 
magnesium, and a very small fraction of the potassium, are apparently 
present in the exchangeable form. These bases, therefore, must be 
firmly bound and must be present largely as a more permanent part of 
the clay minerals. 

Table 5 .—Replaceable bases in colloids 
PKOFILE A 


I..abora- 
tory No. I 

Hori- 

1 7.011 

Ca 

i 

Mg 

t 1 

Na 

1 

1 

i tr 

! 

Total 

1 replaoe- 
! able 
bases 

Base- 

exchange 

capacity 

MiUie- 
quiva- 
lents i)er 
100 gm. 

1 Per- 
Ictiutof 
total 
CaO 

Millie- 1 
quiva- 
icntspori 
100 gm. j 

Per- 

wntof 

total 

MgO 

MiUlc- 
quiva- 
lents per 
100 gm. 

j 

Per¬ 
cent of ] 
total 1 
NajO 

Millie- 
quiva- 
Icnts per 
100 gm. 

Per¬ 
cent of 
total 
E2O 

Millie* 
quiva- 
Icntsperj 
100 gm. 

Millie- 
quiva- 
lents per 
100 gm. 

C34I9. 

1 

37.2 

1 

86 

22 5 

15 

1.2 

20 

0.2 

1 

61.1 


(’•3420. 

2 

36.5 

90 

15.6 

11 

.9 

100 

.3 

1.5 

53.3 


C3421. 

3 

43.9 

96 

24.4 

16 

1.0 

50 

3 

2 

69.6 


C3422. 

4 

56.2 

87 

22.1 

13 

.0 

20 

.2 

2 

79.4 


C’3423. 

5 

47.0 

53 

19.3 

11 





66.3 















PROFILE D 


C339S_ , - 
C3396. 

i 

55.2 

40.3 

H4 

87 

11.6 

12.2 

7 

9 

1.0 

8 

0.3 

1 5 

68.1 
52.5 ! 
65.2 

74. ,3 
57.7 
67.3 

C3397 ... . 

3 

50.4 

97 

13.8 

10^ 

.8 

20 

.2 

i.6 

(^3398. 

4 

62.4 

99 

13.6 

10 

1 -7 

10 

.3 

3 

77.0 

75.3 

C3399. 

5 

60.5 

87 

13.9 

10 

1 .9 

16 

.9 

6 1 

76,2 

77.4 

(.\3400. 

6 

56.3 

79 

14.1 

9 

1 

11 

.8 

6 

72.0 

78.3 



















348 Journal of Agricultural Research voi. ei. No. e 

In order to obtain more definite information on the clay mineral 
content of the colloids, X-ray analyses were made of those from 
profiles A and D.^ The clay minerals present were found to be 
essentially the same in all of the samples and consisted of about 25 
percent of kaolinite (haUoysite) and 70 to 80 percent of what can 
best be dt^scribed as a mixed-layer mineral. This type of clay mineral 
has been discussed by Hendricks and Alexander {15f It was shown 
by Alexander, Hendricks, and Nelson {1) to bo a composite mineral 
of montmorillonite and hydrous mica. That such minerals can be 
formed by interstratificaiion of different kinds of layers has been 
shown by Gruner {IS). Though this type of mixed mineral is dif¬ 
ficult to recognize, it is probably a common (constituent of soils {15). 

The montmorillonite layers are essentially the same in composition 
as the hypothetical “pyrophillic acid^^ postulated by Byers (7). Tlu' 
ideal formula has a silica-alumina ratio of 4 to 1 and is modified by 
isomorphous replacements, as discussed later. 

The hydrous mica type of clay mineral has recently hem recognized 
as a common constituent of soil colloids by a number of investigators 
(If, y 28). The ideal formula may be considered to be the same 
as that given for mica but with less potassium and more water. Th(' 
nonexchangeable potassium is firmly bound in the crystal lattice of 
the hydrous mica. It has been pointed out that the percentage 
may vary considerably without changing the structure of the mineral 
{15). In the colloids <\xamined here, the potassium oxide content 
ranged from 0.70 to 2.74 percent, whereas the amount of the mixed- 
layer mineral, hydrous mica-rnontmorillonite, remained approximately 
the same. 

The nonexchangeoble inagnc'sium of the colloid may be present, in 
either the hydrous mica or the montmorillonite layers. The varia¬ 
tion in the amount depends on how much isomorphous replacement 
of magnesium for alumina occurs. That magnesium can replace 
aluminum in the lattice structure in the ratio of 3 of magnesium to 2 
of aluminum is now generally accepted 24 ^ 25^ 28). The combined 
iron may also substitute for aluminum in the internal structure of the 
clay mineral. 

As stated above*, about 25 percent of the colloids of these soils is 
composed of kaolinite or halloysite, which is similar in composition 
to the hypothetical ‘‘halloysitic acid'' postulated by Byers (7). The 
ideal composition has a silica-alumina ratio of 2 to 1. There is very 
little isomorphous replacement in this type of clay mineral, since it 
is largely restricted to mutual substitutions of aluminum and silica. 
Apparently the X-ray data indicate that kaolinite and halloysite are 
very similar and belong to the family of kaolin minerals {30). 

'fhe reddish-brown color of the colloids indicates the presence of 
some free iron oxide. The amount was determined by the hyclrogen 
sulphide method described by Truog et al. {S2) on the colloids of 
soils A and D. The results are presented in table 6. It was found 
that about one-fourth of the iron near the surface, and about one-fiftli 
in deeper parts of the profile, is free oxide; the rest is combined as a 
silicate. As colloids from profiles A and D are similar to the others 
in composition, approximately the same amount of free iron oxide is 


* These analyses were made by 8. B. IJendrioks, of the Bureau of Agricultural Chemistry and Engineer- 
fng, U. &. Department of Agriculture. 
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assumed to be present in the colloids of comparable parts of the other 

f )rofiles. Reddish-brown soils of the humid regions have a much 
arger proportion of free iron oxide. Therefore it appears that under 
conditions of low rainfall the weathering processes result in the 
segregation of a comparatively small amount of free iron oxide, most 
of the iron remaining in the combined form. The fact that approxi¬ 
mately one-fourth of the total iron is present as free oxide suggests 
that its formation is coincident with the formation of kaolinitc, as 
this clay mineral comprises about one-fourth of the colloid. The 
kaolin minerals do not contain appreciable amounts of iron or mag¬ 
nesium. 


Table 6 . — Percentage of iron oxide in the colloids 
PROFILE A, DERIVED FROM GRANITE 


Lftboratory No. 

Horizon 

Depth 

Total 

Free 

Proportion 

free 



Inchea 

Percent 

Percent 

Percent 

r342<».... 

2 

2-5 

10.39 

2.8 

27 

C'3421..... 

3 j 

.5-11 

11.14 

2.2 

20 

r3422.. ... . 

4 

11-14 

10.82 

2.4 

22 

r3423 . 

5 

14-34 

9.70 

2.0 

21 

. . __ - . - - .. 

- 

_ _ 

_ 

__ 



PROFILE D, DERIVED FROM ALLUVIAL FAN MATERIALS 


C3390 - 




2 

3-12 

9 25 

2 0 

28 

C3397., 




3 

12-24 

9.80 

2 0 

20 

03398... 




4 

24-30 

10 00 

2 1 

21 

C3400... 

... 


i 

6 

30-50 

10.18 

1.9 

19 


Aside from the predominant mixed-layer mineral, hydrous mica- 
inontinorillonite, tlio kaolinite, and the small amount of free iron oxide 
as determined by chemical analysis, there is also the doubtful possi¬ 
bility of a small percentage of quartz present. Quartz and free iron 
oxide arc present in amounts too small to be detected with certainty 
by X-ray analysis. 

It is interesting to note that the coarse biotite-vermiculite mica 
particles of the partially weathered granite of the residual soils gave 
(‘ssentiallv the same X-ray pattern as the predominant clay mineral 
of the colloid. This suggests that the micas are more important in 
the formation of clay from granite than has been previously supposed. 
It has been generally assumed that because the feldspars are by far the 
most predominant mineral group in granite, the clay minerals are 
forminl largely from them, eitluT directly or indirectly. The coarse 
mica in the rock contains 5.5 percent of potassium oxide and 7.1 percent 
of combined water. With further hydrolysis, potash would be re¬ 
placed by water and thereby approach tfie composition of the soil 
colloid. Denison, Fry, and Gile (5) determined the changes in compo¬ 
sition of the coarse mica particles undergoing weathexmg and with 
mineralogical control showed a continuous variation from the pure 
micas to the highly weathered micas, which are similar to the hydrous 
mica of the soil colloid. 

The laboratory data presented corroborate the suggestion of Niki- 
foroff {26) that the claypan in the Mojave Desert soils is formed in 
place by hydrolysis of the primary minerals of the soil. Evidence of 
this is found in the remarkable uniformity of the chemical and mineral- 
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ogical composition and the amount of degradation of the colloids 
derived from both residual granite and alluvial fan materials in the 
region of extremely low rainfall. The coarse mica is of the same com¬ 
position as the predominant clay mineral colloids of the soil. The 
alluvial fan profiles appear to be as well developed as the residual 
granite and ao not refiect the conditions of deposition. Profile devel¬ 
opment occurs without significant change in the colloids. This indi¬ 
cates that the claypan is developed in place and is genetically related 
to the other horizons. The amount of clay in any horizon is depend¬ 
ent on the moisture in the soil, the age of the soil, and the freedom of 
the soil from erosion. 

SUMMARY 

Six soil profiles from the Mojave Desert have been studied. Of 
these, tlu*ee are residual soils derived from granite; three are derived 
from alluvial fan material; five have well-developed claypan horizons, 
and one has none. They are from a comparatively restricted area 
near Mojave, Calif., and occur at 2,700 to 3,000 feet above sea level. 
The mean annual rainfall presumably is approximately 5 inches and 
the mean annual temperature is about 65® F. 

The results show that the chemical alteration of claypan soils is 
greater than the moisture supplied by the rainfall of the desert is 
expected to produce. Neither the chemical nor the mineralogical 
composition of the colloids is influenced by the formation of a claypan 
in these desert soils. The colloids are saturated with bases, chiefly 
(talcium and magnesium. Of the total iron, 25 percent is pn^sent as 
free iron oxide. 

The X-ray data indicate that about 75 percent of the colloids is 
composed of a mixed-layer mineral of hydrous mica and montmorillon- 
ite similar to the coarse weathered mica in the soil. About 25 percent 
is kaolinite (halloysite). 
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EFFECT OF FEEDING REPEATED SMALL DOSES OF 
SELENIUM AS SODIUM SELENITE TO EQUINES ^ 

By W. T. Miller, associate veterinartarit Animal Disease StatioUj Bureau of 
Animal Industryy and K. T. Williams, ckemisty Western Regionxil Research 
Lahoraloryy Bureau of Agricultural Chemistry and Engineering, United States 
Departmerit of Agriculture 

INTRODUCTION 

Much loss has been occasioned to the livestock industry tlirough 
chronic selenium poisoning in a number of sections of the north-central 
Great Plains. Animals fed grain and roughage grown in these areas 
manifest, after varying lengths of time, a more or less characteristic 
syndrome known as alkali disease. The symptoms most frequently 
described are unthriftiness, loss of weight and hair, and abnormal 
growth of the horn of the hoof with attendant lameness. In poultry, 
failure to reproduce because of poor hatchability of eggs or the occur¬ 
rence of weak, deformed chicks, has also been observed. Considerable 
uncertainty existed as to the cause of this condition until about 7 
years ago, when selenium was definitely associated with the <lisease. 

Since that time many experiments have been carried out to test tlic 
action of selenium on various species of animals. Both seleniferous 
feed and different organic and inorganic compounds of selenium have 
been used for this purpose. As a consequence, much information has 
been obtained on the to.xicity and pathological effect of selenium on 
laboratory animals, such as rats, rabbits, cats, and dogs, and in a few' 
instances on the larger domestic animals. Two experiments have 
been reported in which swine were the test animals. In one of these 
(f?),* seleniferous corn grown in affected areas was fed; in the other (5), 
sodium selenite was added to the feed to give d^erent concentrations 
of selenium. Typical sjunptoms of selenium poisoning w'ere produced 
in some of the animals in each of these experiments. In the light of the 
results of this work and since there is no known infoimation on_ the 
experimental feeding of repeated small doses of selenium to equines, 
it was decided to investigate this phase of the problem. The work 
was done diiring 1937 and 1938 at the Animal Disease Station, Belts- 
ville, Md. 

EXPERIMENTAL PROCEDURE 

Because of the limited number of animals available for the ex])eri- 
ment, approximately the same concentration of selenium was given to 
each animal. In the beginning of the experiment, tw'o horses and a 
mule were used, and some time later a third horse w'as added. Of the 
three horses, one (No. 962) w'as a anarc about 12 years old, the sec/ond 
(No. 980) W'as a gelding about 5 to 6 years old, and the third (No. 
1023) was an aged gelding which had been used previously in an equine 
encephalomyelitis experiment. The mule, a gelding (No. 1034), was 
also an aged animal which had passed through other disease experi¬ 
ments. However, all the animals were apparently in good health when 
this experiment began. 

1 Received for publication December 20.1939. 

3 Italic numbers in parentheses refer to Literature Cited» p. 368. 
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About 5 weeks before the selenium was added to the feed, horses 
962 and 980 and the mule were placed in a small stable with four stalls 
and an exercise yard about 100 feet square. There were a few weeds 
and several shade trees in the yard but no vegetation for the animals 
to eat. The animals were watered only when they were turned out for 
exercise, which was from 9 a. m. to 4 p. m. daily. The water was 
obtained from the regular supply at the Animal Disease Station at 
Beltsville, Md. 

The feed, consisting of No. 2 oats and No. 2 timothy hay, was 
obtained from the station supply, which was used in feeding all the 
horses kept on the premises, both for work and experimental purposes. 
After some experimentation, it was found that 5 pounds of oats with 
20 pounds of hay for the horses and 5 pounds of oats with 15 pounds 
of hay for the mule were adequate rations which would be cleaned up 
regularly. These rations were continued for the duration of the 
experiment. When the third horse was added, it receiv(‘d 5 pounds of 
oats and 15 pounds of hay. Any oats and hay left in the mangers 
following the addition of sodiimi selenite to the feed were weighed 
after (‘ach feeding. 

At the beginning of the experiment, selenium in the form of sodium 
selenite was given at the rate of 24 parts per million of feed to the 
horses and 17.3 parts per million to the mule. This proportion was 
obtained by mixing 35 cc. of an M/10 solution of sodium selenite (17.3 
gm. per liter) in distilled water wth the 5 pounds of oats for the 
horses; 21 cc, of the solution was given to the mule in the same manner. 
The animals ate the selenized oats readily at first but after about 2 
months refused them and ate only hay. The method of administration 
was then changed to drenching each animal with the sodium selenite 
solution by means of a dose syringe after the oats had been (»aten in 
the morning, llay was fed at night while the animals were in the 
stable. To facilitate drenching, an M/5 solution of sodium selenit(» 
(34.6 gm. per liter) was made up and the volume of the dose reduced 
by half, namely, 17.5 cc. to the horses and 10.5 cc. to the mule. This 
method was continued for about 4 months, making a total of 6 months 
that the horses ingested selenium equivalent- to 24 parts per million 
of feed and the mule, 17.3 parts. Then the dose was doubled witli 
the result that each horse received 48 parts, and the mule 34.6 parts, 
of selenium per million parts of feed, 35 cc. of an M/5 solution of 
sodium selenite being given to the horses and 21 cc. to the mule. 

About 4 months later another change was made in the method of 
administering the selenium to the horses, the mule having died in the 
meantime. This was necessitated by the fact that both of the horses 
gradually refused to swallow the solution and part of it was lost at each 
drenching. This difficulty was overcome by diluting the daily dose 
of M/5 solution of sodium selenite to 700 cc. with water. Of this 
diluted solution, 150 cc. was sprinkled on the oats and the remainder 
on the hay. In order to obtain an even distribution of the solution in 
the hay, as well as to facilitate weighing, the hay was chopped into 
lengths of about 1 inches. The horses ate the chopped hay as well 
as when it was in its original form, and they continued to eat both the 
selenized oats and hay satisfactorily until shortly before death. Since 
the condition of both horses seemed to have remained relatively static 
even after they had ingested 48 parts of selenium per million of feed for 
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about 9 months, the dose was increased to about 96 p. p. m., 70 cc. of 
an M/5 solution of sodium selenite being diluted to 700 cc. with water 
and then mixed with the feed as previously described. This quantity 
was given until the experiment was terminated by the death of the 
animals. 

About a month after the last increase in the dose of selenium, horse 
1023 was placed on experiment. It was given the same dose of sodium 
selenite solution as the other two horses, although it was eating 5 
pounds less hay. The selenium level for this animal was, therefore, 
approximately 115 parts per million of feed. Three weeks later the 
concentration was reduced to 96 p. p. m. by giving 56 cc. of the M/5 
solution of sodium selenite diluted to 700 cc. with water. This dose 
was continued for 2 weeks, or until the horse died. 

In order to determine what concentration of selenium might be pro¬ 
duced in the blood by feeding repeated small doses of selenium, sam¬ 
ples of blood were taken from each animal before the experiment 
began and each week thereafter. The blood was taken from the jugu¬ 
lar vein and at approximately the same time of day on each occasion. 
Fecal and urine samples were collected at irregular intervals and at 
the same time as the blood samples. The feces were removed directly 
from the rectum. Urine was obtained from the mare (No. 962) by 
means of a catheter. The first few urine samples were drawn from the 
geldings (Nos. 980 and 1034) by passing the catheter, but later it was 
found that the animals could be induced to urinate by brisk massage 
of the bladder and the urine was caught in a clean pan. In addition 
to the analysis of these specimens, selenium determinations were made 
on the body tissues and fluids which were collected at the time of 
autopsy. 

EXPERIMENTAL RESULTS 

HORSE 962 

Horse 962 received a small dose of selenium daily for a period of 17 
months and 12 days before death occurred. At the beginning of the 
selenium-feeding period (July 26, 1937) the animal weighed 1,000 
pounds, whereas at the time of death its weight had decreased to 660 
pounds. The weekly changes in the weight of the animal are shown 
in figure 1. Although there was considerable fluctuation in the weight 
from week to week, a definite downward trend did not appear until 
about 3K' months after the experiment began. From that time on 
there was a gradual decrease until 3 weeks before death, when the 
weight decreased abruptly. The aiiimars appetite remained good 
until the last 10 days of the experiment, when practically all the oats 
and hay were left untoiiched. 

Although tlio level of selenium given in the feed to this animal was 
relatively high and had been found to be effective in producing typical 
symptoms of chronic selenium poisoning in swine (S), pronounced 
physical changes such as have been described in horses grazing on 
selcniferous soil (2) were not observed. The symptoms, other than 
emaciation and listlessness, were rather mild. Figure 2, shows 
horse 962 as it appeared 1 week after the beginning of the expei'iment, 
and Bj the same animal 3 weeks prior to death, or about 17 months 
later. Up to that time the appetite had been good, but there had 
been a loss of about 150 pounas in weight, the coat was ^aring> and 
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when the animal was aroused it moved slowly with an unsteady gait. 
The hair wm loose in the mane and tail, particularly in the mane, 
which contained much matted hair. There was no evidence of loosen¬ 
ing of the hair until about 6 months after the beginning of the experi¬ 
ment. From that time on, the hair could be pulled out readily but 
there was never any tendency for it to shed abnormally. 



Chang^ in the horn of the hoofs were observed, but they were not 
outstanding. A year after the experiment began, there was consider¬ 
able scalii^ of the homy wall of the hoofs for a distance of several 
inches below the coronary band. When the loose scales were re¬ 
moved, the horn had a white flaky appearance. In addition, the 
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hom seemed softer, as indicated by excessive wear of the hoofs. The 
latter condition occurred in spite of the fact that the animal was con¬ 
fined in a relatively small lot on soft sandy loam. Slight scaling of the 
wall first appeared about 3 months after the experiment began and 
pci-sisted during the life of the animal. No separation of the hoof 
from the skin at the coronary band was ever observed. In addition 
to this change, the feet seemed to become sore at irregular intervals 
for periods of several weeks. This soreness was evidenced by the 
short stilted steps taken by the animal in walking and a constant 
shifting of the weight when standing. At such times the coronary 
band seemed to be slightly swollen and somewhat painful on palpa¬ 
tion. 

Another symptom which was manifested occasionally was extreme 
nervousness or sensitivity when blood samples were taken. As the 
needle was introduced into the jugular vein, the neck muscles would 
contract and almost shut off the flow of blood, whereas at other times 
the animal remained quiet and offered no resistance while being bled. 
One other peculiarity was observed during the course of the experi¬ 
ment. About 3 months after selenium feeding began, tliis horee, as 
well as horse 980 and mule 1034, was observed chewing on the wooden 
parts of the fence of the enclosure. Somewhat later the animals 
were seen licking the dirt in the yard, in spite of the fact that stock 
salt was accessible at all times. Other animals maintained on the 
same feed without selenium showed no evidence of depraved appetite. 

Post-mortem examination showed the carcass of horse 902 to be in 
a very emaciated condition. The hair of the mane and tail was loose, 
and all four hoofs showed some flaking of the horn. Both the mucous 
membranes and the conjunctiva were pale and icteric. Th(»r(^ was 
some emphysema of the lungs, due possibly to the labored terminal 
breathing. The fat of the heart was of a gelatinous consisttney, th<' 
heart muscle was pale, and the endocardium was yellow and spotted 
with a few subendocardial hemorrhages. The liver was darken in 
color and somewhat smaller than normal. The surface of this organ 
showed many fibrinous tags and a prominent demarcation of tin* 
lobules, indicative of marked cirrhosis. On sectioning, the cut surfaei' 
was yellowish chocolate in color and there was a marked iiuTinse in 
the connective tissue. A few subcapsular petechiae were present on 
the surface of the spleen, which was somewhat smaller than usual. 
When sectioned, the surface was dry, the pulp was dark and doughy, 
and there was an increase in the connective tissue. The kidneys were 
chocolate in color and the capsules were difficult to remove. A few 
hemorrhages were found in the cortex of the organ. The peritoneum 
was icteric and there was a slight enteritis. 

HORSE 980 

Horse 980 rc'ceivcd the same quantity of feed and the same dose of 
selenium as horse 962. Although it weighed about 50 pounds mort* 
at the beginning of seleniimi feeding and remained slightly heavier 
throughout the course of the experiment, it died about 2 weeks before 
the latter animal. The changes in weight during the feeding period 
appear in figure 1. The weekly fluctuations in the weight of horse 
980, as well as the general downward trend, although beginning a 
little later, fairly closely parallel those of horse 962. In horse 980, 
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however, the final precipitous decrease in weight was interrupted by 
the death of the animal. As in the first case, the appetite of horse 
980 remained good until about 10 days prior to death. 

The cUnical picture was largely a replica of that of horse 962. In 
figure 3, Aj horse 980 is shown as it appeared 1 week after the begin¬ 
ning of the experiment, and B, the same horse 3 days before death. 
By that time there had been a loss of about 200 pounds in weight and 
the animal was barely able to walk. 

Changes in the character of the horn of the four hoofs just below the 
coronary band appeared about 2 months after the beginning of th(i 
experiment. A view of the front feet after the animal had jb>een fed 
selenium for 1 year is shown in figure 4. There was distinct swelling 
of the coronary band (a), a roughened scaly formation on the horny 
wall about Ij^ inches wide immediately below (6), and extreme wear and 
breaking away of the horn at the toes. A small portion of the horny 
wall that was present before the beginning of selenium feeding and 
that was distinguished from the selenized horn by a slight depression 
remained on the toes of both front feet. This ringed appearance was 
first noticed at the top of the hoofs shortly after the horn became 
roughened. Since tlie horse showed little disposition to move around 
a great, deal from tliis time on, no further breakage occurred and the 
character of the horn showed little subsequent change. Periodic 
t(md<'rness of the feet at irregular intervals was noticed in this animal 
also, although not always at the same time that it appeared in horse 
962. 

The hair in the mane and tail became loose at about the same time 
as in horse 962, and just before death the hair in both mane and tail 
was very loose. In addition, occasional periods of nervousness ap- 
j)eared as previously described and the same depravity of appetite 
was noted. 

Post-mortem examination showed the carcass to be veiy thin. 
The blood was dark red in color. Aside from a slight emphysema and 
a few fibrinous tags on the visceral pleura, the lungs appeared more or 
less normal. The fat in the mediastinum was gelatinous. A few 
petechiae were present in the gelatinous fat along the coronary groove. 
Small subepicardial hemorrhages occurred in the region of the 
coronary vessels and larger ones on the right auricle. A few large 
hemorrhages were found on the right auriculoventricular valves. 
The heart muscle was pale and had a cooked appearance. The surface 
of the liver, which presented a few fibrinous tags, was yellowish in 
color and the lobules were hemorrhagic. On sectioning, the liver 
tissue was found to be of an ocher color and the lobules stood out 
distinctly. Numerous small hemorrhages occurred under the capsule 
of the spleen. There were also many eccbymotic hemorrhages in the 
omentum and mesentery. The cortex of the kidney contained some 
petechiae, the medulla was reddened, and the pelvis was filled with 
clear, gelatinous urine. The intestines showed some enteritis, and 
the peritoneum was reddened. 


MULE 1034 

Although mule 1034 received a slightly smaller quantity of selenium 
per day than did horses 962 and 980, it died much sooner, about 6)4 
months after the experiment began. The concentration of selenium 
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feeding, and B, as it appeared 3 days before death occurred, or about 17 months 

matted^^ha^of^^e^’in^B e*Pc«ment. Note emaciation, drowsiness, and 
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was 17.3 parts per mUlion of feed at the beriming of the experiment. 
In spite of the fact that the appetite was fairly good until a day or 
two before death, it will be seen in figure 1 that the animaPs weight 
began to decrease within 2 weeks after selenium was added to the diet. 
The decline was gradual for about 2 months and then became much 
faster until death occurred. During the selenium-feeding period, 
there was a loss in weight of about 200 pounds. 

Aside from emaciation, drowsiness, and some roughness of the horn 
at the top of the hoofs, relatively few symptoms were noted in this 
animal. Its condition 1 week after the experiment began is shown in 
figure 5, A; and B shows its appearance 4 months later, or 2}i months 
before death. At that time there had been a loss of about 100 pounds 
in weight. Changes in the horn at the top of the hoofs, manifested 
by a narrow white band particularly noticeable on the left front hoof, 
together with perceptible swelling of the coronary band, had just 



Fkjure 4.—Front feet of horse 980 after 1 year from the beginning of the experi¬ 
ment. Note swelling of the coronary band, a, and the ring of roughened horn 
on the wall of the hoof below the hair line, b. 


begun to appear. This was somewhat later than the initial appearance 
of such changes in the hoofs of the horses. Loosening of tlie hair, 
however, appeared in this animal at about the same time as in the 
horses, and at the time of death the hair in the mane was loose. 

Post-mortem examination of the carcass showed it to be in very 
poor condition. The upper portion of each hoof had a slightly bulg¬ 
ing appearance, and there was some roughening of the homy wall just 
below the coronary band. The pleural cavity contained about 300 
to 400 cc. of clear, reddish yellow fluid. There were a few pneumonic 
areas in the posterior lobe of the left lung as well as in the anterior 
lobe of the right lung, which also showed some passive congestion. A 
small quantity of gdatinous fat was present around the pericardium 
and along the coronary groove of the heart. The pericarmal sac was 
thickened, and a few petechiae were foimd on the epicardium. A 
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few small gray patches were found on the endocardium of the left 
ventricle and some small subendocardial hemorrhages in the right ven- 
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color, the liver appeared more or less normal. Nothing unusual was 
found in the spleen or the intestines. There was some nephritis in 
the kidneys, and the bladder, which was distended with slightly 
cloudy, yellowish urine, showed a mild catarrhal cystitis. The articu¬ 
lar surfaces of both the hip and stifle joints were slightly pitted and 
roughened, and each joint contained a small quantity of thick stringy 
fluid. 

HORSE 1023 

Horse 1023 was included in the experiment to determine what 
effect the high level of selenium (96 p. p. in.) which the other two 
horses were receiving would have on a horse that had not previously 
been given selenium. The animal died 35 days after being placed on 
the selenium diet. The changes in the weight are shown in figure 1. 
Although the horse never ate all the feed given at any time and conse- 
(jucntly did not get the full dose of selenium, there is no doubt that 
the loss of weight was largely due to the action of the selenium. 
About 4 days after the first dose was given, diarrhea appeared and 
looseness of the bowels persisted until the animal’s death. A few 
hours before death, the horse manifested colicky symptoms and 
seemed to be in a great deal of pain. Few symptoms of chronic 
selenium poisoning, other than emaciation, wore observed in this hoi*se. 

rost-mortem examination showed the carcass to be very thin. 
There was slight scaling of the honi just below the coronary band of 
all four hoofs. Some hypostatic congestion was found in the right 
lung, and there were subpleural hemorrhages on the right side. The 
fat of the heart was yellow and gelatinous, and a few small hemorrhages 
appeared in the fat along the coronary groove, as well as siibepicardi- 
ally on the left ventricle. Massive subendocardial hemorrhages were 
present in the left ventricle and petechiae in the right one. There 
was cirrhosis of tlie liver and the lobules stood out prominently. 
The spleen showed numerous small black petechiae under the cap¬ 
sule. Hemorrhages occurred in the fat around the kidneys, the cap¬ 
sules of which were removed with difficulty, and the kidney tissue 
itself was very friable. The cortex contained pin-point hemorrhages, 
and the medullary portion was reddened. In the mesentery, the fat 
tissue was yellow and gelatinous and large hemorrhages were sprin¬ 
kled throughout. The stomach was found to be filled with oats, 
whereas the intestines were empty and slightly inflamed. 

CHEMICAL DATA 

The urine and feces w^ere found to contain comparatively large 
quantities of selenium. These data are given in figures 6 and 7. 
The total Quantity of excreta was not determined so that no estimation 
of the total quantity of selenium eliminated can be given. However, 
the high concentration in the excreta suggests that a large part of the 
ingest^ selenium was eliminated. From the analysis of portions of 
the horse carcasses and from analyses of small animals for selenium (7), 
it is believed that the average concentration for horses would be less 
than 1 part per million. Horse 962 weighed 660 pounds at death. If 
it is assumed tliat the carcass contained 1 p. p. m. of selenium, 0.3 
gm. of approximately 250 gm, ingested would have been retaincil in the 
body of the animal. 
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There was an irregular but gradual increase in the selenium content 
of the blood while the horses were on the diet containing 24, and the 
mule 17.3, parts of selenium per million parts of feed (fig. 8). When 
the selenium content of the diet of the horses was increased to 48 p, p. 
m., the concentration in the blood became greater. The increase in 
the selenium content of the diet to 96 p. p. m. caused the concentration 
in the blood to continue to increase. At death the blood of horse 962 
contained 9 p. p. m., and 3 days before deatli the blood of horse 980 
contained 6 p. p. m. For both animals tliis was a sharp increase during 
the last week froiri a level of approximately 3.6 p. ]). in. Horse 1023, 
which was begun on the high selenium diet, lived about 6 weeks and 
also showed a sharp increase in selenium concentration in the blood, 
ending with 9 p. p. in. at death. Mule 1034 died shortly after the 



Figure 6.—Selenium content of urine from equines on a diet containing sodium 

selenite. 


change from 17.3 to 34.6 p. p. m., and during the 3 daj^s before death 
the selenium concentration of the blood changed from ^ to 5 p. p. m. 

In table 1 are given the analyses of various parts of the body of the 
horses and mule that died as a result of small daily doses of sodium 
selenite, together with data obtained on horses aiul a mule that died 
from a single dose of sodium selenite. The concentration of selenium 
in the blood of the animals that died as a result of daily doses of se¬ 
lenium is appreciably higher than in Unit of the animals that died from 
a single dose. Tlie kidneys of those that died from a single does were 
higher in selenium than the kidneys of those that received daily doses. 
This finding was reversed in the case of the spleen, as is shown by data 
from the horses that survived more than a year (Nos. 962 and 980). 
The hoofs of the animals that received daily doses had an accumulation 
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FifitTRE 7.—Selenium content of feces from equines on a diet containing sodium 

selenite. 
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of selenium. The concentration became greatest in the old homy 
portion of the hoof. In the other portions examined, no clear-cut 
difference was found between the animals killed wdth a single dose 
and those that died as a result of repeated small doses of selenium. 


Table 1. —Selmivm content of material from egvines that died from repeated email 
doses of sodinm selenite and from egvines that died from a single dose 
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desipnatioTi 
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Blood 

Urine 

Kid¬ 

neys 

Liver 

Lungs 

Spleen 

Heart 

Hair 

Hoof 


Daily doses of selenium 

P.p.m. 

P.p.m. 

P.p.m. 

P.p.m. 

P.p.m. 

P.p.m. 

P.p.m. 

P.p.m. 

P.p.m 

Horse 1023. 

9 0 

0 2 1 

1.6 

2.0 

0.5 

0.5 

0.2 

5 0 

0.5 


for 5 weeks. 










Mule 1034 

Daily doses of selenium 

5 0 

8.0 

2.0 

1 5 

2.0 

.7 

.3 


(0 


for 26 weeks. 









Horse 980- . 

Daily doses of selenium 
for 6S weeks. 

36 0 


,5.0 

2 5 

2 5 

3 6 

.2 


( 3 ) 





Horse 062 -- 

Daily doses of selenium 

9 0 

.7 

3.5 

6 0 

2 0 

5.0 

1.0 

2 5 


1 

for 70 weeks. 










IIor,se 764 ». 

Single lethal dose of 4.6 

2.0 
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10.0 

5 0 

1 5 

.4 

.4 

. 

• “ 


mg. per pound of 
body weight. 










Horse 875 *_ 

Single lethal dose of 3.65 

2.5 


8.0 

8.0 

1.5 

.5 

.4 
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, 2 


mg. per pound of 
body weight. 
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Horse 1009®. 

Single lethal dose of 2 0 


1 4 

10.0 

[ 2.0 

.7 

1 .5 

.5 



1 nig. per pound of i 1 






body weight. i 










Mule 1035®. 

Single lethal dose of 1.46 

2.0 i 

4.0 

6.0 

2.0 

1.0 

1.0 

1 0 

. 



' mg. iier pound of 
body weight. 

1 

! 

1 






1 




» Top one-third, 0.5 p. p. ra.; middle one-third, 1.2 p. p. m.; bottom one-third, 1.2 p. p. m 
« Concentration 3 days before death. 

3 Inside soft material of top one-third, 0.3 p p. m., outside horny material of top one-thinl, 1.0 p. p. in 
inside soft material of middle one-third, 0 6 p. i). m.; outside horny material of middle ono-third, 6.0 p. p. m 
inside soft material of bottom one-third, 5.0 p. p m.; outside horny material of hot tom one-third, 8.0 p. p. m 
* Inside soft material of top one-third, 1.0 p p. m.; outside horny material of top one-third, 5.0 p. p. ra 
inside soft material of middle one-third, 1.0 p p. m.; outside homy material of middle one-third, 2.0 p. p. m. 
inside soft material of bottom oue-third, 4.0 p p. m ; outside horn> inaterial of liottoin one-third, 10 p. p. m. 
6 By Miller and Williams 


DISCUSSION 

From the results of this experiment, there appears to be little doubt 
that chronic poisoning can be induced in equines when repeated small 
doses of selenium are fed in the form of sodium selenite. Under the 
conditions of this experiment, however, all the characteristic symptoms 
of chronic selenium poisoning which have been described in animals 
maintained on naturally selenized feed (2, 6) have not been repro¬ 
duced, even during a prolonged period of feeding. Emaciation and 
drowsiness were marke.d in all four of the animals. In the two honses 
fed for the longest period, slight changes occurred in the character of 
the horn of the hoofs. In addition, the long hair of the mane and 
tail became loose, but extreme depilation or these parts or sloughing 
of the outer wall of the hoof was never observed. On the other band, 
the lesions present at autopsy, namely, the changes in the heart, liver, 
and spleen, were similar to those reported as occurring in natural 
cases of the disease (/, 5). 

In this connection, it is of interest to contrast the effects, in equines 
and swine, of continued feeding of small doses of selenium as sodium 
selenite. In the latter species 50 percent of the animals exposed to 
selenium as sodium selenite manifested typical clinical symptoms 
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within 3 months (S), whereas in equines certain characteristic symp¬ 
toms of chronic selenium poisoning failed to develop in 17 months. 
Some explanation for this difference may be found in the fact that the 
swine ate relatively little sclenized feed after the first few days of the 
experiment, whereas no impairment of appetite was noted in the 
horses until immediately before death. This fact might account, 
therefore, for the increased resistance of the equines to the action of 
the selenium. When single large doses of selenium wore given to 
equines and swine, however, the results were reversed (4). In that 
experiment it was found that the minimum lethal dose for horses was 
about 1.5 mg. per pound of body weight, whereas 6 mg. per pound of 
body weight only caused the swine to become sick. 

In view of the results found in the present experiment and those 
involving single doses of selenium, it is believed that some tolerance 
to the action of selenium, at least in the inorganic form, may be 
acquired by some animals. The number of equines included in the 
present experiment is too small to pennit a definite conclusion to be 
drawn. It should be pointed out, however, that about 6 months 
after selenium feeding began, horse 962 received daily 0.58 mg. of 
selenium per pound of body weight, horse 980 received 0.53 mg., and 
mule 1034 received 0.48 mg. The mule lived only 3 weeks at this level 
of feeding, but ilw two horses showed relatively little ill effect. 
About 15 months after the experiment began, the quantity was again 
increased, and the relation of selenium to body weight for horse 962 
was 1.20 mg. daily per pound and for horse 980, 1.12 mg. Since 
the animals w'ere losing weight regularly the quantity of selenium 
continued to increase in relation to body weight. Wlien it is con¬ 
sidered that a single toxic dose of the element has been found to be 
1.5 mg. per pound of body weight for hoi*ses and that one horse 
(N^o. 9^)) survived for nearly 2 months and the other one (No. 962) 
lived 2^2 months on daily doses almost as large, it would seem that 
these animals had built up some tolerance for selenium. This 
belief is further strengthened by the result of feeding about the 
same concentration of selenium to horse 1023. When this animal 
was placed on experiment, it received 1.19 mg. of selenium per day 
p('r pound of body weight and it survived but 1 month. 

During the approximately 2 months that horses 962 and 980 lived 
after tlu^ selenium content of the diet was increased to 96 p. p. m., 
there was a gradual increase in the selenium content of the blood, 
marked by a sharp increase just prior to death. During the last 
10 days the appetite decreased until the intake of selenium was 
relatively small. These facts suggest that there was a break-down 
in the elimination of selenium from the blood. The urine sample 
taken from horse 962 at death contained but 0.7 p. p. m. as compared 
with 6 to 26 p. p. m. during the whole previous year. 

SUMMARY 

To study the effect on equines of long-continued feeding of selenium 
in inorganic form, small daily doses of sodium selenite were adminis¬ 
tered in the feed to three norses and a mule. The animals were 
apparently in good health when the experiment began. The work 
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was carried on in 1937 and 1938 at the Animal Disease Station, 
Beltsville, Md. 

At the beginning of the experiment a measured quantity of M/10 
solution of sodium selenite was added to the oats at the rate of 24 
parts of selenium per million of the total ration for two horses and 
17.3 parts per million for the mule. The animals ate the selenized 
oats readily at first, but after about 2 months refused them and ate only 
hay. The sodium selenite solution was then given as a drench for about 
4 months, when the quantity of selenium was doubled, making a level 
of 48 p. p. m. for the horses and 34.6 for the mule. About 4 months 
later, because of difficulty in drencliing the horses, the mule having 
died in the meantime, the method of administering the sodium selenite 
was changed so that the solution was diluted and sprinkled on both the 
oats and hay. The level of selenium was raised to 96 p. p. m. of feed 
for the two horses about 15 months after the beginning of the experi¬ 
ment. A month later a third horse was placed on experiment and 
immediately given approximately 11.5 parts of selenium ]a'r million 
])arts of feed daily. 

The mule surviv'ed for only 6'^ months after selenium feeding began, 
blit one of the horses lived about 17 months and another 17]^ months. 
The third horse, which received the highest level of selenium at (he 
beginning of the experimental feeding, lived only about 5 weeks. The 
principal symptoms of chronic selenium poisoning exliibited by these 
animals were emaciation in spite of a fairly good appetite, listlessness, 
looseness of the hair of the mane and tail, and softening and scaling 
of the homy wall of the hoof. None of these symptoms, however, 
were so outstanding as those described in cases of chronic poisoning 
which occur under natural conditions. The lesions observed in the 
heart, liver, spleen, and kidneys at autopsy resembled those described 
in field cases, to a large extent. 
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FEATHERING, GROWTH, FEED CONSUMPTION, AND 
RACHITOGENESIS IN CHICKS AS INFLUENCED BY THE 
KIND OF GRAIN IN THE DIET ‘ 

By H. L. WiLCKE, collaboratory and John Hammond, associate biologidy Animal 

Nutrition Division^ Bureau of Animal Jndusiryy United States Department of 

Agriculture ^ 

INTRODUCTION 

The cereal grains occupy a prominent position in the diets of 
poultry of all ages, yet definite information regarding the value of 
each of these cereals for specific purposes is lacking. Only within the 
last few years have there been active attempts to compare the cereal 
grains used with respect to their growth-promoting and bone-forming 
properties for chicks. The feathering of growing chicks is important 
to the broiler producer and to all producers of chicks because well- 
feathered broilers sell to much better advantage than others and 
because there is loss danger of cannibalism among well-feathered 
chicks. 

REVIEW OF LITERATURE 

Since the literature has been reviewed in a recent article by Branion, 
Stackhouse, and Hull (J),’* it is necessary only to add a few comments 
on data which have appeared since their paper was published. Bran- 
ion and his coworkers {!) foimd no evidence of any anticalcifying 
property of oats or oat groats in comparison with corn, wheat, or 
barley. 

The Council on Foods of the American Medical Association (S) 
published a report in which it was concluded that the experimental 
results available ^^may be explained on the basis of the calcium and 
phospliorus ratio in the diet together with a knowledge of the avail¬ 
ability of the phospliorus,^^ and further, ‘^that there is not good 
evidence for the existence of a decalcifying factor in cereals.” These 
(‘onclusions are further substantiated by Mottrain and Palmer 09), 
who found that the rickets produced by (*ereal diets was due to a low 
calcium content of the diets and that this condition could be corrected 
by the addition of calcium or of vitamin D. Rickets was not pre¬ 
vented by the addition of available pho^horus. Tliese results do 
not agree with the explanation offered by Bruce and Callow {2), who 
suggested that the rachitic condition was caused by a lack of available 
])hosphorus in the diets. 

McDougall (7) found that the addition of 11 percent of lard or 
olive oil to the diet prevented rickets in rats which were fed diets low 
in calcium and vitamin D and made up largely of wheat flour or bread. 

» Um'ivod for publication April 12, liflO 

* liy authorization of the Bureau of \ninial Industry, If. L. Wileke, rt'search professor of jwultry husban¬ 
dry, Iowa Apricultural ExFM'rinient Station, oollaboratefi in conducting this work at the U. S. Department 
of Agriculture, Beltsviile Kesearch Center, Beltsville, Md. The authors are Indebted to M. A. .lull, for¬ 
merly of the U. S. Department of Agriculture, for arranging for the collaboration; to Harry W. Tittis for his 
assistance, advice, and helpful criticisms; and to C. A. Denton and H. E. McCMure for analyses of feed and 
bones. 

3 Italic numbers in i)arenthoses refer to LiU^rature Cited, p. 379. 


.Tournal of Agricultural Research, Vd. 61, No. 5 

Washington, D. C. Sept. 1.1940 

Key No. A-198 


274r)l>2—10- 


4 


( 31 ) 9 ) 




370 


Journal of Agricultural Research 


Vol. 61, No. 6 


The action of the fat or oil is based on the increased absorption of 
calcium due to the formation of calcium soaps. 

Miller and Bearse {8) presented evidence to show that pullets fed 
a growing and laying ration with oats as the sole cereal developed less 
cannibalism than those fed a ration containing corn as the sole cereal. 
In addition, Kennard and Chamberlin {6) have published results 
indicating that oats have a definite value in the laying ration. The 
review by Crampton (4) of work comparing the various cereal grains 
for both chicks and laying birds demonstrates clearly the need for 
additional information regarding the relative value of the cereal 
grains in avian nutrition. 

PURPOSE AND PLAN OF THE EXPERIMENT 

The purpose of this experiment was to study the effect of oats, 
barley, corn, and wheat on feathering and growtli, on the pcrcentag(' 
of ash in the tibiae and their size, and on the feed ('onsuin])tion of 
chicks receivin^y diets with each of these grains as (he ])rinci])al cereal 
portion. Particular emphasis was placofl on oats, since some of the 
earlier work had indicated a rachitogeni(* factor in this cereal when 
rats or puppies were the experimental animals. The exj)eriment was 
condu<*ted between May 15 and August 7, 19.%, at the United States 
Department of Agriculture, Beltsville Research (\niter, Beltsville, Md. 

Six hundred Single-Comb White Leghorn chicks were selo(*ted from 
a larger group which had been hatched from eggs from mass-mated 
pullets at th(' B(‘ltsville Resc'arch Ccuiter. These chicks wvro hatclu'd 
on May 15, 1936, and the following morning they W’^(‘re leg-banded by 
th(^ use of duplicate bands. The chicks w ere weighed to one-tenth of a 
gram on an automatic scale, the weight of the bands Ixung balanced 
with two bands on the scale. The chicks were then divided into 12 
lots of 50 each, placed at random in the various lots. Kach lot was 
kept in a separate colony brooder house in which sand was us(‘d as a 
litter, and the chicks wore fed and wat(*red immediat(*ly. Norn* of 
them were allowx'd out of the houses at any time during the expcrinuuit. 
Th(^ lots were numbered from 412 to 423 to correspond to the diet 
numbers, and the chicks were weighed at biw'eekly intervals. 

The plan of tin* experiment was to feed four lots of chicks all-mash 
diets made up of a single cereal grain (oats, barley, corn, or wheat) 
with dried buttermilk as the protein supplement, and sufficient high- 
grade ground limestone and chemically pure tricalcium phosphate to 
adjust the calcium and phosphorus to equal lev(4s. 

In order to determine the fraction of tlie grain in which the rachito- 
g(mic factor might be found, if it proved to be present, lots were in- 
clud(‘d in which 20 percent of ground oat hulls supplemented corn 
and wheat. It was calculated that the oats diet contained approxi¬ 
mately 20 percent of hulls, and this level w as used to equalize the quan¬ 
tity of hulls in these diets with that in the oats diet. In addition, lots 
were included in which 20 percent of ground hulled oats supplemented 
the corn and the wheat, and also lots in which 20 percent of ground 
whol(‘ oats supplemented the corn, wheat, and barley. Finally, om^ 
lot on a standard mixed diet was included in the experiment as a 
control lot. 

All the diets except the control were made up to contain as nearly as 
possible 16.6 percent of protein (dried buttermilk was used as the only 
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protein supplement in order to keep this part of the diet uniform), 
0.75 percent of calcium, and 0.54 percent of phosphorus. In addition, 
1 percent each of salt (sodium chloride) and co(l-liver oil was used. 

Tahlk 1. Composition of the experimental diets except the control 


Parts, by weight, of diet No.-- 


Ingredient 

412 

413 

414 

415 

416 

417 

418 

419 

420 

421 

422 

Uround whole oats . 

77 








20 

20 

20 

(Jround yellow corn .. 

Oround hiu-lev 

Oround wheat 


74' 


77 

49M 


42H 

52 

49K 

67 

54) i 

Oround hulled oats 

Oround oat hulls 




-- 

20 

20 

20 ■ 

20 


— 


Dried buttermilk .. 

21 

*24 


'21’ 

29 

18 ’ 

36 

26 

29 ' 

’* 21’ 

23?-i 

Oround limestone - 


1 

H 

1 

H 

1 

y* 

H 

y 

1 

1 

Calcium phosi>hat,e. 

Sait - . - 

1 

, 

H 

i 

1 

Vii 

1 

I's: 

1 

H 

1 

}4 

1 

1 

1 

i ’T 

l' 

('od-liver nil 

1 

1 

1 

1 

1 

1 1 


1 

1 

1 ^ 


Total 

1 

101 


101 

101 

101 

101 

1101 

101 

101 

1 101 

101 


It was not possible to analyze the ingredients before the diets were 
made up, but samples of each ingredient were taken as the diets 
were mixed, and analvses were obtained later. One hundred pounds 
of ('aeh diet was mixed without cod-liver oil. The oil was incorporated 
in the feed at least once every 2 weeks. Oidy as much feed was mixed 
as would be used during that period. Table 1 shows the composition 
of all the diets except the control diet. The composition of the control 
diet (No. 423) was as follows: 


ParUt bv 
iveidht 

(Inuiiid vcllou (‘orn 25 

Wheat nhddlinj^s-_ 25 

dolled oats-_ 10 

Dried skim milk 10 

(\»rn f^luien meal _ .10 

Alfalfa-leaf meal 8 

Wheat hran .. .5 

^’east cells _. . . 3 

Ground limestone_ .1.5 

Salt . . 1.0 

God-li\er oil. . _ . .. . _ . __ 1.5 


Total_ __ _ 100 


When the chicks were 4 wet'ks of age, they were classified as to 
feather development, those which were completely feathennl on the 
dorsal rc'gion being scored as group 1, those partly feathered as group 
2, and those with only down on the backs as group 3. 

(Jrowth was measured by increase in wtdght at biweekly intervals 
for 12 weeks and also by three measurements made on tlie tibiae of 
five representative males and five representative females at 8 and 12 
wec'ks of age. These measurements were (1) the length of shaft, 
taken with the epiphyseal cartilages removed, (2) the minimum diam¬ 
eter of the shaft at its midpoint, and (3) the maximum transverse 
diameter of the proximal head. After the bone measurements had 
been taken on the tibiae from the 8-week-old chicks, these bones were 
extract(‘d and ashed according to the method described by Harshaw, 
Fritz, and Titus (5). 













Vol. (il, No. C 



Journal of Agricultural Research 


The feed was weighed for each lot at biweekly intervals, feed weights 
being taken on the same day as the chick weiglxts. Feed consumption 
per chick per day and the total quantity consumed per chick for the 
entire period were calculated. 

EXPERIMENTAL RESULTS 

PEATHERINCJ 

The results of the classification of tli(' chicks into f(»ather groups 
and the number of males and females in each of these groups an^ 
presented in table 2. 

Table 2 .—Number of chicks at 4 iveeks of age in each of three feather groups as 
affected by the grain in their diet 


Lot No. 

Kind of Ifni in m ( 

412 .. 

Oats - . . ... 

413 .. 

Barl<‘y_ . . 

414 .. . . . . 

rorii- . --- 

41.'5 

Wheat - __ 

41H... 

! Wheat and oat hulls 

417.. 

Wheat and hulled oats 

41S ... . 

Corn and oat hulls 

419.... 

C\»rii and hulled oats 

420--.- . . 

Corn and oats 

*21.-1 

Wheat and oats.. 

422-.-. .. i 

Harley and oats. 

42:i. 

Mixed (control) 


Total 



4-\\eek-old chicks in— 


Uroup 1 j 

Orotip 2 

1 Uroup.3 

1 

1 All groups 

Xiunher 

Xumbir 

1 Xiimhtr 

Xiunlxr 

4.'» 1 

.3 

1 I 

19 

.30 ! 

13 1 

i 1 

.50 

1 1 

10 I 

37 

48 

7 1 

27 ' 

15 

49 

4 1 

31 : 

15 ! 

.''tO 

0 

2r> 

25 

.50 

0 ■ 

23 

27 

m 

8 1 

21 

15 

47 

0 i 

l.t 

, 34 

47 

9 ' 

28 

12 

49 

2<) ' 

21 

2 

49 

2 

, 

2.5 


138 ! 

241 ' 

‘.>1)9 

*88 


Males..! <*l i I2r/ m 

Females... j 77 j llt» 101 204 


It is obvious that the chicks in the viirious lots differed in respect 
to feather development. The qu(*stion arose immediat(‘ly as to 
whether the better feath(U*ing was due to the <liet or wh(*ther it was 
asso(*iatecl with superior general development. In ordtM* to in¬ 
vestigate this point, the cliicks were group(*d l)y sex into the three 
feather groups regardless of tlic diet which they had been fed. TIudr 
weights wen; analyzed by means of analysis of variance, the 3ni‘thod 
of Sn(‘dccor {10) neing used. Differences due to a disproportionate' 
distribution of the sexes within the 12 lots were thereby eliniinate'd. 

A highly significant difference was found betwcMUi the W(‘ights of 
the males and females. It is ratheu- unusual to find a pronounc(*(l 
difference in the weights of the sexes at only 4 weeks of age; ncverilu'- 
less, such differences were found for all the chicks in this experiment. 

There wen; also highly significant differences among the weights 
for the three h'ather gioups. Within (uich sex, the chicks which 
feathered most rapidly and, consequently, wen' classed as ^roup 1 in 
feathering, wen' also the largest chicks. The data indicate that 
those diets which promote most rapid growth produce chicks that are 
most completely feathered at 4 weeks of age. This result is probably 
associated with rapid general development rather than with the diei. 
However, there was a distinct difference in tlu' quality of the feather¬ 
ing of the various groups. The oat-fed chicks had a much superior 
quality of feather, whereas the corn-fed chicks were rated lowest in 
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this respect. The feather structure appeared to be modified slightly 
by the diet. The corn-fed chicks were rough in appearance, and many 
of them developed feathers which curled forward, presenting a frizzled 
appearance. The barbs, barbules, and barbicels all seemed to be 
present, but the barbicels did not appear to function normally in 
that the web of th(‘. heather was not smooth. This feathering is in 
marked contrast to that of the oat-fed group, which developed much 
smoother feath(U-s. The addition of whole oats, oat hulls, or luilled 
oats improvc'd the feathering of the chicks fed corn. This finding is 
direct evidence that there is some substance, factor, or group of sub¬ 
stances or factors in oats which exerts a beneficial (dh'ct on growth 
and on the (piality of feathering, but it was not possihh^ to d<d(»rmin(‘ 
them from the results of this experiment. 

The relationship Ixdweeii .sex and feathering is not, so pronounced. 
The interaction betwrum these two charactt»rs wris significant, but not 



GROWTH AS MEASURED BY LIVE WEIGHT 

The weights of the males and the femah^s in the 12 lots are presented 
in figures 1 and 2. Since bone-ash determinations and bone measure¬ 
ments were made at 8 and at 12 weeks, the weights were also analyzed 
for differences at these periods, and, in addition, at the ](Mveek period, 
in order that these results might be compared with previous results in 
which analyses of data had been made only for the weight at 10 WTcks. 

The results of the statistical analysis were essentially the same for 
the three periods selected. There were highly significant differences 
in the weights of the chicks in the different lots at 8, 10, and 12 wx'oks. 
These results indicate that the diets affected the rate of growth of 
these chicks. However, in order to compare the individual diets, a 
more detailed analysis was necessary, and for this purpose the method 
sug:gested by Snedecor {10) was used to find the least mean difference 
which would be significant or highly significant. 
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The least differences which would be sipfiiificant for the 8-, 10-, and 
12-week data, respectively, were 35.67, 54.46, and 64.09 gm., and the 
least differences which would be highly significant were 46.96, 71.69, 
and 84.37 grn. Since the number of birds per lot varied only from 
47 to 50, an arbitrary value of 48 chicks per lot was used in calcu¬ 
lating these significant values for the 8-we(‘k data, and since 10 
chicks had be(*n removed from (uich lot at th(‘ end of the eighth wec^k, 
the numb(*r per lot used for tlie 10- and 12-week data was 38. 

An examination of the weight means for both males and f(»mal(»s as 
presented in table 3 reveals the following significant differences: 



Table 3.- A 


vt'Uigr combined weights of male and female chicks it 
affected by the grain in then diet 


— 

—-- 

- ' — 

- - 

— 

-- 

— 




1 Ja VC weight at- 

j 

1 

i Livt 

Lot 

Kind of jfniin in 

— 

— 

-- 

Lot 

Kind of tTHin in 


No 

diet 

8 

16 

12 

; No. 

diet 

1 8 



^^eck^ 

weeks 

wock.s 

_ „ _ 1 

i 


1 W'Ci'ks 

1 


1 

1 Grams \ 

! Grams 

Gra ms 

, ' ! 


' Grams 

U2 

Oats- 

! 626 1 

7K1 

666 

i 418 

Corn and oat 

1 

413 

Barky - ' 

.Mf) 

716 

613 


hulls . 

432 i 

414 

Corn 

317 

466 

564 

j 416 

Corn and hulletl 


4ir» 

Wheat. 1 

41.'» 

r.;46 

656 

! 

oats 

! 433 1 

416 

Wheat and out ; 




j 426 

C'orn and oats 

426 i 


hulls , 1 

184 

682 

883 

! 421 

Wheat and oats.. 

' 462 i 

417 

Wlieat and hulled I 




I 422 

Harley ano oats 

1 626 1 


oats . 1 

435 

567 

766 

i 123 

Mixed (eonirol). 

' 534 1 

1 1 


NMMiL'ht at 


10 


I *2 


(iriimjt 

r)<i:. I 

I 

tAth ! 
orj i 
r.3o 
s;jo 
741 


(haui.'t 


7H 

! 1.03 


Tile eorn-feci ehicks, lot 414, were clefinilely stiialler thtin IliOhC 
in any other group. 

The wheat-fed ehicks, lot 41.'), were heavier than the eorn-feil chicks 
hut Weighed less than those in any other group. 

The chicks fed oats and those fctl barley and oats, lots 412 and 422, 
were definitely larger than those in any of the other groups. 

The addition of ground oat hulls to wheat increased the weight of 
the chicks more than did the addition of an equal quantity of either 
ground hulled oats or ground oats. 
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The addition of 20 percent of ground oat hulls, ground hulled oats, 
or ground oats to corn increased the weight of the chicks over that of 
those fed corn as the sole grain, and the differences in weight of the 
chicks fed these three supplements were not significant. 

The differences in weignt ranked in essentially the same order at 
B, 10, and 12 weeks. 

These results do not appear to be in complete agreement with 
those of Branion and his coworkers (1). However, the diets were not 
entirely comparable, since in the present work there were no more 
than two cereals in any one diet and only one source of protein was 
used. 

There was a liiglily significant difference in the weights of the mah‘s 
and females at 8, 10, and 12 weeks, but this was to be expected. 
The interaction between sex and diets was not significant, indicating 
that the males and females reacted similarly to the diets fed. 

GROWTH AS DETERMINED BY MEASUREMENTS OP TIBIAE 

The moan measurements of the tibiae of the males and females at 
8 weeks and at 12 weeks are presented in table 4. 


''r\BLE 4.— Mean measurements of the tibiae of the male and female chicks in the 
various lots at S and lii weeks of age as affected by the grain in their diet 

MEASUREMENTS FOR MALES 


A t K oeka of age j At 12 weeks of age 


Lot 

No. 

Knwl of grain in diet 

Length of 
shaft 

Diameter 
of shaft 

J^iaineter 

1 of proximal 
head 

I.ength of 
shaft 

Diameter 
of shaft 

Diameter 
of proximal 
head 



<’m 

Cm 

Cm 

Cm. 

Cm. 

Cm. 

WZ 

Oats 

3.28 

0. 165 

0.648 

4.13 

0. 203 

0.811 

\IZ 

Harley 

Z89 

. 160 

.633 

4.09 

. 196 

766 


('orij 

2 til 

.127 

.498 

3.W 

184 

.740 

11 r» 

\\ lieat 

2 95 

. 150 

. ,562 


. 187 

.708 

410 

hetit and oat hulls 

3 (JO 

. 144 

..567 

V 02 

. 195 

.781 

417 

\\ heat and hulled oat s 

2 9.5 

. 149 

.546 

3. 80 

. 192 

.741 

41H 

(’orn and «)at hulls 

2 93 

. 143 

.,562 

3 86 

. 191 

.7.54 

419 

Uorii and hulled <Mits 

2.88 

. 143 

..549 

3.95 

.203 

.772 

424) 

Corn and oaLs 

2 91 

.143 

.674 

3.96 

. 195 

.7.54 

421 

Wheat aiKl oat.s 

3 02 

. 147 

.MM 

3.89 

. 184 

.774 

422 

Harle.v and oaUs 

3 30 

. 168 

.628 

4 26 

. 210 

.828 

12:4 

.Mixed (eonlrol) 

2 9.5 

. 147 

-517 

1 _ i 

4.20 

i 1 

.201 

1 i 

.806 



MEVSrUEMENTS 1 

'OR FEM-4 

iLES 



412 j 

1 Oats.. , ' 

3 10 

0 1,59 

0 592 

4 06 

0.206 

0 728 

413 

Barley 

3. 29 

. 1.57 

574 

i 4.01 

.201 

.698 

414 1 

1 ('orn . 1 

2.43 

. 131 

1 .485 

3.61 

I . 186 

.644 

416 

Wheat - 1 

2 87 

.152 

i .531 

! .3.84 

. 19tJ 

.676 

410 I 

Wheat and out hulls 

2.80 

. 1.39 

1 .514 ; 

; 3.93 

.201 

1 .713 

417 

W hent and hulled oats | 

2.87 

. 140 

! . .5.52 

3 72 

. 187: 

.668 

418 

Corn and oat hulls i 

2,70 

. 138 

1 .571 

3.72 

. 186; 

: 674 

419 

Oorn and hulled oats j 

3.03 

. 142 

. 551 

3.81 i 

i . 191 i 

. 682 

429 

(.'orn and oats i 

2.75 

.137 

.520 

3.91 

1 .195 : 

.718 

421 

Wheal and oats | 

2.74 

. 136 

.524 

,3. 72 

1 . 176 1 

647 

422 

Barley and oats 

3. 19 

.168 

.594 

1 4. 16 

! . 202 ! 

.723 

423 

1 

Mixed (control) . . 

3 11 

. 145 

1 .576 

4.07 

1 . 202 

.701 


When these data were analyzed by the method of Yates {11) to 
adjust for missing data, it was found that the differences between 
lots were significant for all three measurements—length of shaft, 
diameter of shaft, and diameter of proxiinal head—at both 8 and 12 
weeks of age. In addition, there were highly significant differences 
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between the sexes in length of shaft and diameter of the proximal 
head of the tibiae but not in diameter of the shaft. In general, the 
males had the longer bones and also the larger diameter of the proximal 
liead, as would be expected because of their greater size and weight, 
but this relationship did not hold for the diameter of the shafts of 
these bones. The interaction between sex and diet was not significant, 
indicating that the sexes responded similarly to the various diets. 

These results indicate that undoubtedly there are differences in 
the bone measurements for the various lots of chicks, but here 
again the question arises as to whether these differences are due to 
the diet or to general development. In order to clarify tliis point 
somewhat, the method of analysis which was used in connection with 
the weights was applied to these data. The least mean differences 
IouikI to be significant and highly significant were as follows: 

(1) For the diameter of the proximal head, the least differences 
t hat are significant and highly significant are approximately the same 
for both the males and the females at both 8 and 12 weeks, namely, 
0.054 and 0.081 cm., respectively. (2) For the length of the shaft, 
the least differences that are significant and highly significant are 
0.33 and 0.50 cm., respectively, for the males at 8 weeks, 0.42 and 
0.01 cm., respectively, for the females at 8 weeks, and 0.71 and 1.03 
(uu., respectively, for both the males and the females at 12 weeks. 
(3) For the diameter of the shaft, the least differences that are signi¬ 
ficant and highly significant are 0.018 and 0.027 cm., repectively, for 
the males at 8 weeks, 0.005 and 0.007 cm., respectively, for the males 
and the females at 8 weeks, and 0.000 and 0.009 cm., respectively, 
for both the males and the females at 12 weeks. In making these 
calculations the same values were used for both sexes only when the 
variance was practically the same. 

Wlieii the means of the various lots were compared, the above- 
mentioned measures for significant and highly significant differences 
being used, it was found that at 8 weeks the males on the corn diet 
had much shorter tibiae than those on several of the other diets. 
Significant differences also existed between other lots of males and 
between three lots of females. These results seemed oj)en to (question, 
and the data were reanalyzed by the use of the cube root of live 
weight instead of live weight itself. Wlien the effect of the cube 
root of live weight was removed in this manner, no significant dif¬ 
ferences were found between the means for length of tibiae of either 
males or females at 8 or 12 weeks of age. Likewise, witli the same 
procedure no significant differences were found between the means 
for diameter of proximal heads or diameter of the shaft of the tibiae 
in either sex at 8 or 12 weeks of age. 

BONE ASH 

The mean percentage of bone ash of the tibiae, with epiphyseal 
cartilages removed, for the males and the females are tabulated in 
table 5. These data were analyzed by analysis of variance, the method 
of Yates (11) being used to adjust for missing data. 

The differences in jiercentage of bone ash of the males and females 
were not significant. This result is in agreement with those published 
by Harshaw, Fritz, and Titus (5), whose method of removing the 
epiphyseal cartilages was followed, and by whom it was pomted 
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out that sex diiferences appeared only when the percentage of ash 
was determined with bones on which the epiphyseal cartilages had 
been retained. 


Table 5 .—Percentage of hone ash in tibiae of male and female chicks in the various 
lots at 8 weeks of age as affected by the grain in their diet 




Bone ash in tibiae of- 1 



I.ot 1 

Kinrl of ^rain in 




Lot 

Kind of grain in 




No. 

dipt. 

M ales 

Fe¬ 

males 

Both 

sexes 

No. 

diet 



PetceiU 

Percent 

Percent 

! 


412 

Outs . 

14 

rAWi 

.05.65 

418 ; 

Corn aiid nut hulls 

'U.'t 


6fi HS ! 

67.61 

.06.72 

419 1 

Corn and hulle<l 

114 

(’orn 

.'ifi 62 

r)7. Zi 

56.9.3 


oats_. 

11. 

Wheat. 

57. tu 

tu. 10 

.07. 3S 

420 

(’orn and oats, 


a' heat and oat 




121 ! 

Wheat and oats... 


hulls_ - . 

56. <12 

66 6.0 

.06.: 9 

422 

Barley and oat*,. 

11/ 

W heat and hulled 




421 i 

1 Mixed (control). 


outs. 

rtH. VO 

!A 7s 

.08.71 


i 


Bono ash in tibiae of- - 


Males 

Fe¬ 
rn uIChS 

Both 

sexe.'' 

Percent 

Percent 

Percent 

57.73 

.07.41 

67.57 

.07.95 

.07.69 

.07.82 

.07. 4.0 

67.98 

.07.71 

.06.61 

56.65 

56.63 

.06.91 

.00. 16 

56.53 

,07.6.0; 

1 

."»6.8.0 

57 25 


Th(Mi‘ W(*n» highly significant differences in the bone ash among the 
various lots. WIhmi the individual lots were compared by combining 
the figures for males and fiunales, it was found that the bone ash of 
the chicks fed tlic oats diet was significantly lower than that of all 
oth('r lots. All the lots fed corn were definitely higher in bone ash 
than thos(‘. fed oats. The difiVrcuces among the remaining lots wen* 
not highly signifit’mit, except the lot fed wheat and hulh'd oats, which 
was the highest of any of the lots. The high ash content of the tibiae 
of the chicks in this lot can be accounted for only on the basis of the 
hulled oats, since lot 419, fed corn and hulled oats, the only other 
diet in which hulled oats was us(*d, is not significantly lower, whereas 
lots 41/5, 410, and 421, in which wheat was fed, are all higldy sig¬ 
nificantly lower. However, since*, only two lots were fed hulled oats 
and, furthennore, since this feed constituted only 20 percent of the 
diet of each, no definite conclusions can be drawn. The two lots fed 
diets in whi(*h l)arley appeared were among the lowest in percentage 
of bone ash, being significantly lower than six of the other lots. 
However, tin* biological importance of the low bone ash in the barley- 
fed lots may be questionable, since all values were well above the 
lev<»l iisuall}" considered as normal. 

FEED CONSUMPTION 

The data on feed consumption are presented in table 6. It is obvi¬ 
ous that there were differences in the quantity of feed consumed per 
(‘hick per day in the various lots, but as has been shown, there were 
also differeiK^es in the growth of the chicks, and these differences were 
in the same direction. That is, those lots of chicks which made the 
greatest gains in weight also (*.onsumed the most feed. Consequently, 
thes(* data were subjected to analysis of covariance bv the method of 
Snedecor (10), This analysis indicated highly significant diffeiTnces 
among the various lots in fec'd consumption. Howev(*r, tht* differences 
among the adjusted means for feed consumption were not significant, 
indicating that the various lots utilized the feed almost equally efli- 
ciently. Consequently, the differences in weight were a direct result 
of increase in feed consumption rather than in efficiency of the feed 
consumed. 
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Tablk 6. —Feed consumption per chick in the various lots Jed different grains 


Lot 

Kind of grain in diet 

! Feed consumption per chick in 2-week period ending— 

1 _ - 

Total 
feed con- 

No. 







sumption 



May 29 

June 12 

June 26 

July 10 

July 24 j 

Aug. 7 

|)er chick 



OraviH 

Orams 

Qrams 

Orams 

Orams 

Grams 

Grams 

412 j 

Oats __ 1 

214.2 

350.0 

707.0 

894.6 

999.6 

1,041.6 

4. 207.0 

413 

Barley . . j 

208.6 

284.2 

607.6 

711.2 

819.0 

1,038.8 

3,6<i9.4 

414 

Corn . .. 

197. 4 

166.6 

338.8 

574.0 

855.4 

901.6 

3.033.8 

415 

Wheat _ 

207. 2 

214.2 

455.0 

574.0 

856.8 

884. S 

1 3,192.0 

416 

AA* heat and oat hulls 

203.0 

312 2 

558.6 

691.6 

961.8 

1,019 2 

3,746,4 

417 

Wheat and hulled oats 

214. 2 

203.2 

362.6 

543.2 

924.0 

882.0 

3.129 0 

418 

("orn and oat hulls.. 

198.8 

229.6 1 

499.8 

702.8 

846.6 

942 2 

3,418. 8 

419 

Corn and hulled oats 

170.4 

197.4 

385.0 

631.4 

859.6 

1 , (K)0. 6 

3,256.4 

420 

Corn and oats.. 

189 0 

198.8 

438.2 

590 8 

849.8 

918. 4 

3,185.0 

421 

Wheal and oats.... 

205.8 

240.8 

442 4 

')74 0 

848.4 

876. 4 

3.187 8 

422 

Barley and oats. 

214 2 

.326.2 

572. 6 

813.4 

1,003.8 

1 ,(K)8 0 

3.938.2 

423 

Mixed (control). 

190 4 

252 0 

483 0 

729 4 

953 4 

950. 6 

3.658. 8 


DISCUSSION 

It is a common opinion among poultrymcm in general that corn is 
one of the most palatable grains used in poultry feeding. Never¬ 
theless, in this work, the feed consumption of the chicks in the corn- 
fed lot was low throughout and the rate of growth of these chicks was 
correspondingly slow. The oats, barley, and oats and barh’V combi¬ 
nation were utilized just as efficiently as tlu^ corn, and the addition 
to the corn of whole oats or of either the oat hulls or tin* liull(*d oats 
resulted in improvement of th(‘ corn diet. This was not exp(»ct(‘d in 
the case of the oat hulls, b(*cause there is a common supposition that 
an incnuise in the fiber cont(Uit of a poultry di(*t, and particularly of a 
chick diet, will reduce the efficiency of that diet. 

The only cases of cannibalism observed in this ('xpcu-inuuit wer(‘ in 
tin* corn-fed lot of chicks. This finding is in agreennuit with results 
published by Miller and Bcuirse (S), who found that oats t(Uid to pre¬ 
vent cannibalism in pulhds. 

At 4, 6, and 8 weeks of age, the chicks fed oats and those fed barhw 
and oats were almost twice as larg<‘ as those fed corn ev(Ui though the 
former diets were fed at approximately the same level of prot(‘in, cal¬ 
cium, and phosphorus, and with a smaller supply of vitamins A and (I 
complex than th(‘ corn diet. 

The lower percentage of bone ash in the lots f(*d oats and l)arl(»v than 
in the lot fed corn might be inteu-preted as indicating the prescuice of a 
rachitogenic factor in those two grains. How(‘V(*r, the small reduc¬ 
tion in boiK' ash caus(*d by oats or barley at the high h'vids UhI in th(‘S(' 
(‘xpeuiments would hardly be interpret(»d as of gr(*at biological im¬ 
portance, particularly wlien all ash values W(‘r(‘ at relativ(*ly high 
levels. In fact, ii may be argued that it is equally undesirable to 
dev(‘Iop a born* ash that is (*xcessively high, and in this case tlu'n* is 
some (juestion as to whether the oats ami barley might carry a rachito- 
g(‘nic factor or wlndher corn may carry a factor for ex(‘essiv(‘ calcifi(‘a- 
tion. In the r(‘sults obtained here, neither hypotlu*sis would lx* of 
biological significance' because of the small <liff(*rences obtaine'd, but 
th(* results are int<*rpreted as supporting the contention of Branion, 
Stackhouse*, and Hull (1) that these cereals do not possess dissimilar 
properties in relation to calcification. 
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SUMMARY AND CONCLUSIONS 

Twelve lots of Single-Comb White Leghorn chicks, each lot con¬ 
taining 50 birds, were fed oats, barley, corn, or wheat as the principal 
cereal portion of the di(d. This work was carried on in 1930 at the 
United States Department of Agricnltun', Beltsville Research Center, 
Beltsville, Md. 

Although th(' diet containing corn as tin* soh* grain had larg(*r quan- 
tith*s of vitamins A and the G complex than the other diets, the one 
with oats as tin* sole grain produced the most rapid gains of any of tin* 
diets containing single grains. The remaining singl(*-grain diets 
ranked in the following order: Barley, wheat, and corn. 

Then* appeared to be little difference in the efficiency of the diets 
used as measured by the units of feed necessary to produce a unit of 
gain in w^eight. 

Chicks fe<l a diet in which corn was the sole grain had a very poor 
quality of feathering. 

The addition of 20 percent of gi'ound oat hulls, ground hulk'd oats, 
or ground whole oats to corn or to wheat diets improved the rate of 
growth and also improved the quality of feathering in the corn-fed 
chicks. 

Oat hulls proved to be more effective than hulled oats or whole oats 
in supplementing wheat, but there seemed to be no difference* in the 
value* of these thre'i* products as supplements for corn. 

The elitference* in bone development in the se*v(*ral lots was re*garele*el 
as due to the* elfe'ct of the eliet on general developme*nt rather than to a 
specific e'ffect on heme elevelopment. 

Apparently oats and barley e*xert a slightly elepre*ssing e*ffect on 
the* perce*ntag(* of ash in the tibiae* of chicks, but this de*crease in 
fiercentage of ash is slight anel probably of little* l)iole)gical significance 
since* the* value's feu* all lots were* we*ll above* the* minimum acce*pte*d as 
normal. 

The* elata prese*nteel indicate* that the* fe)ur grains useel ele) not possi'ss 
r a chi toge* n ic pro pei* t i e's. 

Difference's in rate of growth were due elirt*ctly to difference's in f(*e*el 
intake* anel not te) elifre*re*nce*s in e*fficie*ncy of the elie'ts. 

LITERATURE CITED 

(1) Huamo.n, H. I)., STAeKHOu.sE, ,1. K., aiifi Hull, H. 

1938. THE H\(’HITe)(JENlC I'KOPERTIES OF CBREM.S IN (’HITK H\TIONS. Sci. 
Aiir. 18: 447 4e)l, illus. 

(2) Hhiu’E, Hilda Mak(J\hkt, and ('allow, Robert Kenneth. 

1934. INTEUAeTION of vitamin D AND DIETARY FMTORS IN THE HE\L1N(! 
OF RICKETS IN RATS. Rioclieiii. Jour. 28: 512 -519, illus. 

(3) CocNe iL ON Foods of the American Medical A.ssociation. 

1937. THE ALLEGED 1>E<’ALCIF\ I.NG EFFECT (O' <’ERKALS. Aincf. M(*d. 
Assoc. .Jour. 109: 30 31. 

(4) ('HAMPTON, K. VV. 

1930. THE COMPARATIVE FEEDING VALUES FOR POULTRY OF B\RLE>, OATS, 
WHEAT, RYE, AND <’ORN. Natl. Re*s. ('ouucil Hpl. 29. 

(5) Harshaw, H. M., Fritz, J. (’., and Titus, Harry W. 

1934. THE NORMAL DEVELOPMENT OF THE LEG BONES OF CHK’KENS WITH 
RESPECT TO THEIR ASH CONTENT. .lour. Agr, Hcs. 48: 997-1008, 
illus. 

(6) Kennard, D. C., and Chamberlin, V. D. 

1936. OATS FOR chickens. Ohio Agr. F^xpt. Sta. Bimo. Bui. 181: 95-98. 



Voi. 01, No. 5 


380 Journal of Agricultural Reuarch 


(7) McDougall, Edith Jean. 

1938. THE COUNTERACTION BY FAT OF THE ANTICALCIFYING ACTION OF 
CEREALS. Biochem. Jour. 32: 194-202, illus. 

(8) Miller, M. Wayne, and Bearse, Gordon E. 

1937. THE cannibalism preventing properties OF OATS. Poultry Sci. 
16: 314-321. 

(0) Mottram, J. C., and Palmer, K. 

1937. on the factors determining rickets in rats fed on cereal 
DIETS. Cereal Cheni. 14: 682-686. 

(10) Snedk('or, George W. 

1937. statistical methods applied to experiments in AGUlcm/rTiRE 
and biology. 341 pp., illus. Ames, Iowa. 

(11) ^'atks, F. 

1933. THE ANALYSIS OF KKPLICATEI) EXPERIMENTS WHEN THE FIELD 
RESULTS ARE iNi’OMPi.ETE. Fuipire .loup. I♦)\pt. A^p*. I: 11291- 
142. 



THE EFFECT OF COOKING AND STORAGE ON THE 
ASCORBIC ACID CONTENT OF POTATOES* 

Hy Lvdia a. Rolf 2 

Junior chrmistf Foods and Nuintion Division^ Bureau of Home Economics, Ignited 
States Department of Agriculture 

INTRODUCTION 

Potatoes are consumed throughout a period beginning before their 
maturity and extending from 5 to 10 months after the tubers are har¬ 
vested. During this period they undergo metabolic changes, the 
character and extent of which depend upon the duration and conditions 
of storage as well as upon the variety of potato. These changes are 
accompanied by changes in the ascorbic acid content. Since potatoes 
are never or rarely eaten raw, the effects of the numerous methods of 
cooking must also be considered if a true picture of their antiscorbutic 
value is to be obtained. 

Although chemical methods of analysis simplify the quantitative 
determination of ascorbic acid, the application of these methods to 
biological material frequently creates new difficulties in the inter¬ 
pretation of results. Furthermore, in the case of the potato, insuffi¬ 
cient information with regard to one or inore of the common variables, 
time and temperature of storage, variety of potato, and cooking 
method, adds greatly to the difficulty of making a satisfactory com¬ 
parison between the results of different investigators. Although the 
ascorbic acid content of raw potatoes is reported to vary betvreen the 
wide limits of 53 mg. per 100 gm. {lOy and 1.5 mg. per 100 gm.(fS), 
the results of most investigations indicate that newly harvestexl 
potatoes are highest in vitamin C value and that this quantity diminishes 
\ cry rapidly during the fii^t part of storage and later more gradually 
(It), IS, 22, 26), Kroner ami Steinhoff (<S’) noted this decrease followed 
by a rise during the latter part of storage, and Pett {IS) reported that 
sprouting caused an increase followed by a rapid decrease. 

Fixsen (.^) has summarized the data that show the effects of cooking 
upon tli(» ascorbic acid content of potatoes. No general agi’eement 
I'xists. T1 h‘ same method of preparation reported by some iiivesti- 
gatois as causing a loss in ascorbic acid value, has been Jcported by 
otlu'is as a})parcntly causing a gain; and one investigator n^porls that 
the saiiK' method of cooking results in a loss of ascorbic acid in one 
variety and a gain in another. Richardson, Davis, and Mayfield {20) 
reportcHl a gain of 28 to 75 percent in ascorbic acid as a result of baking 
potatoes, whereas Lyons and Fellers {12) using the same method of 
cooking noted a loss of 50 jx'rcent. The gain in ascorbic acid found 
aft<T cooking has been ascribed variously to the presence in the raw 
tuber of a protein-ascorbic acid ester capable of hydrolysis on cooking 

' Ro'vivc<J for publiciitinn Fobniary 1940. 

^ Arknowlodgnionl Is inado to Hard Buriiotlc for her \^urk on the cooking methods and her assistance in 
carrying out the analyst's 

’ Italic numbeni! in imrenthescs refer to Literature Clled, p, 393. 


Journal of .Agricultural Research, 
Washington, U. (L 


( 381 ) 


Vol. 01. No. 5 
Sept, 1, 1940 
Key No.T-11 



382 Journal of Agricultural Research voi. ei, No. 5 

(e9, 13^ 16, 19, 23), to the destruction of the ascorbic acid oxidase by 
heat (3, 1 {), and to the increased permeability of cooked tissue to the 
extracting? medium, which results in greater ease of extraction of th<^ 
vitamin from cooked than from raw potatoes {16, 25). It is hoped 
that th(' present investigation may point to definite conclusions on 
some of these controversial issues. 

MATERIALS AND METHODS 

SOUKCK AND TREATMENT OF EXPERIMENTAL POTATOES 

The Irish (^obbler aiul Green Mountain potatoes used in tlje major 
j)art of this study were furnished by the Bureau of Plant- Industry 
and were grown at Aroostook Farm, IVesque Isle, Maine. They wen'- 
received on October 24, 1938, and placed in storage at 15.5° (\ with a 
relative humidity of 80 percent. Six wc'cks later, half of the potatoi's 
of each variety were n'lnoved to another storage room ke|)t at 4.5° 
and a relative humidity of 80 percent. Sprouting was arrested at the 
storage temjx'ratun' of 4.5° but eontinued in tije potatoes stored at 
15.5°. After a total of 4 months of storage, all sprouts were removed 
f?*om the latter group. Any sfirouts present- wen' always n'lnovt'd at 
the time a potato was analyzed for ascorbic acid content. 

The Irish (Gobbler potatoes stored at 15.5° were used in a study 
of the ('fleet of pressure cooking, baking, Imiling (pared and impared), 
and steaming (unpared) upon tlie ascorbic acid ('ontc'ut of potatoes. 
For comparison, raw potatoc's were analyzed simultaneously with 
potatoes cooked by each of tlu'se methods. Th('S(' analyst's of raw 
tubers, performed at intervals during the storage' period, gave' a his¬ 
tory of th(' ('ffect of storage at 15.5° upon the ast'orbic acid content of 
Irish Cobbler potatot's. In addition determinations w(‘n‘ carried out 
at intervals on th(‘ raw Green Mountain potatoi'S stoivd at 15.5° and 
on both variety's stored at 4.5°. 

Since it was also (h'sired to determine the efft'ct of tlu' so-calh'd 
“waterless’’ cooking method upon tlu' vitamin C value of potatoes, 
and th('r(' W(*re not enough of the Maiiu'-grown potatoes left in good 
condition, this part of the experiment was carried out on “new” Gn'cn 
Mountain potatof's obtaiiK'd on the local market. Analys('s were 
made of boih'd pared potatoes and of parc'd potatoc's cookf'd by th(‘ 
waterless method. Comparison was also made with raw potatoes 
simultaneously analyzed. 

Summer Chippewa [)otatoes grown by the Bureau of Plant Industry 
at the experimcmtal farm at Beltsville, Md., were made available for a 
study of the effect of maturity on the ascorbic acid content of potatoes. 
The analyses were b(»gun 82 days after planting when the skins were 
still “feathery” and were made on the maturing tubers at semiweekly 
interv^als for 0 weeks, by which time the vines were dead. The 
potatoes were delivered to the laboratory on the same day they were 
harvested and analyses were completed within 2 days. A disease, 
fusariurn wilt, which ultimately became apparent in oyer half of these 
potatoes, developed at about the middle of the experimental period. 
Only tubers which appeared to be unaffected were analyzed. The 
effect of storage at 25.5° C. was also investigated. 
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SAMPLING PROCEDURE AND CHEMICAL METHODS 

In the analysis of potatoes for their ascorbic acid content, the prob¬ 
lem of representative sampling has often been overlooked or ignored. 
In the case of raw potatoes, grating or slicing and mixing, preliminary 
to sampling increases the possibility of formation of denydroascorbic 
acid and ()f irreversibly oxidized ascorbic acid. However, unless the 
distribution of ascorbic acid is unifonn throughout the tuber, there 
can be no assurance that a small single sample from a tuber is repre¬ 
sentative of the whole. 

Preliminary experiments indicated that the distribution of ascorbic 
acid was not unifonn tliroughout the tuber. All of the Maine-grown 
potatoes were sampled by the following metluxl: Four wedge-shaped 
sections, weighing between 12 and 20 gm., were cut from the center 
to the outer edge from each jmtato. One of these sections was cut 
from the stem end, another from the bud end, and one from each side. 
The small size of many of the Chippewa potatoes made it possible to 
analyze entire tubers as one sample, ami the larger potatoes of this 
group and of the Oreen Mountain potatoes bought on the local market 
were of such size that they could, in most cases, be represented accu- 
rat(»ly by two samples instead of four. When fewer than four samples 
were cut from a potato, care was taken that the wodges selected for 
analysis sliould represent both the stem, and bud end of the tuber. 

The ascorbic acid in raw' potatoes was extracted by grinding each 
sample with 12 gin. of acid-washed sand under three successive por¬ 
tions (20 to ‘10 ml. each) of an a<|ueous solution containing 8 percent 
of acetic and 2 of met a phosphoric acid (6. //, 14^ lo). The three 
extracts, separated from the pulp by centrilugation, w'ere combined 
and ma<le up to 100 ml. Two 25-ml. aliquots of each were titrated 
with 2-()*dichlorophenol-indophenol according to the method of Till¬ 
mans, Hirsch, and Ilirsch (24) as modified by Bessey and King (2), 
All reagents were made up with glass-distilled water and all glassware 
w as rinsed w ith glass-distilleil water before use. 

The average of the ascorbic acid content of all the samples of a single 
])otato was taken as its ascorbic acid value and from 5 to 10 potatoes 
were used in each series of determinations. The analyses of raw" po¬ 
tatoes were made on pared tubers whenever paring was introduced 
prelbninary to the cooking method; in all other cases analyses were on 
unpared tubers. 

Cooking causes a gelatinization of the starch in potatoes, and after 
the cooked tissue is ground with acid and sand, centrifugation yields a 
veiy cloudy suspension. It was fouml, liowever, that breaking up 
the potato tissue with a stimng rod and mixing it thoroughly with the 
acid resulted in the removal of essentially the same percentage of the 
total ascorbic aci<l with each extraction as wdien grinding wdth sand 
was employed (table 1). Also the resulting extracts were clearer and 
the end points at titration easier to distinguish. Only a fraction of 
the total ascorbic acid was removed by each extraction, and further 
experiments showed that with the weight of sample and size of cen¬ 
trifuge tube (50 ml.) used, 12 washings were necessary to remove all 
of the ascorbic acid from cooked potato tissue. However, six extrac¬ 
tions constantly removed very close to 90 percent of the ascorbic 
acid present and at the same time the volume could be confined to 
100 ml. As shown in table 1, this difliculty of removal of ascorbic 
acid was not encountered when raw potatoes were analyzed. 
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Tablk 1 .- Extraction of ascAnhic acid from raw and cooked potato tissue 


Pr(»]n»rfr»n (if tohil jiscorbic acid n'rnoxnj nt rnd of oaeh ex¬ 
tract 1011 


Kxtractioiis (mimbor) 


(*oi»ko<l liilK‘rs,« .sami»lrs -' 

Hu>\ tubiTs, sam- 



A 

B ! 

1 

e* 

I) 

K 1 

F 



Veremt 

Percent 

Per cent 

Percent 

Percent 

Percent 



24 2 

24 2 

27 S 

26 0 

82.3 

80 3 

» 


49 3 

,W 4 

/> 

5r» 8 

95 4 

95 3 

1 


(>6 6 

70 9 

69.7 

69, 4 

99.2 

W 0 

1 


76 3 

81 7 

70 i 

78 2 

100.0 

100 0 

, 


83 1 

88 1 

87 2 

85 2 





eK) r> 

93 

03 7 

92 4 





94 () 

96 4 

96 6 

06 4 





i 97 2 

98 4 

98 4 

98 4 



'.-. 

-- 

[ 2 i(K) 0 

2100 0 

2 100 0 

2 KMl 0 

! 

- 


1 Samples A and B were ground with sand in the second, third, and fourth oxtraetions. The remaining 
, itraetions of these samples and all extractions of samples C and I) uere made uithout sand as described in 
the text. 

* The titration value for the ninth extraef ion was so small that for iirnct leal purposes l(K)-p<*rcent extraction 
was assumed 

Th(' following proeodiiro was omployod in tlio analysis of cooked 
potatoes: Centrifuge tubes containing about 20-ml. portions of the 
extracting medium were weighed and chilled in an ice bath. Four 
wedge-shaped samples were taken as soon as possible after the potato(»s 
were cooked and each sample was cut immediately into small pieces 
and dropp<»d into the cold acid. The tubes wer(‘ then r(^w(*ighcd to 
determine the weight of the sample. Extraction was carried out with 
six successive portions of the mixture of acids, the potato tissue* being 
thoroughly broken up and mixed with (‘ach fr(‘sh ])ortion of acid. 
(\'ntrifugation for 4 ininutes at high sjx'cd gave a fairly ch‘an s(*j)ara- 
tion of liquid and solid. The coinbin<*d (‘xlracts w(*re made up to 
100 ml. and two aliquots of (*ach saniph* wiuc litratcTl. 

In consideTation of the* results preseni(*d in table* I, the value's for 
ascorbic acid so obtaim'd w^eux* take*n to be 00 [)erce*nt. of that pre^semt 
in the' sample's anel the* total amount was ace'orelingly e'stimate'el on 
this basis. Finally, taking intei account the loss e>r gain in weight on 
cooking, the* value's were* re*adjust(‘el to the* basis eif the* raw we'ight of 
the* pe>tato. 

e eiMBlNKI) ASCe)HHle’ A(’ll) 

Mcllenry anei (irahuui (lii) anel others have* re'peu’te'el the* presene'c 
eif a protein e*ste*r or ^‘boumr' ascorbie* aciel in peitateu's. This cemi- 
peninel is saiel to be soluble* in water anel insoluble in the* eu’dinary 
ascorbic acid e*xtractants, but capable of hyelrolysis on he*ating or ein 
tre*atmont with 1 i)erce*nt hydrochloric acid to fre*e the soluble ascorbic 
acid. 

Since both Green Mountain and Irish Ce)bble'r potatoes are re¬ 
ported (W) to contain large* eiuantitie's of this e*ste'r, various attempts 
were made to determine its presence. Tlie residues remaining after 
the usual acid extraction of tlie raw potato tissue were treated with 1 
percent hydrochloric aciel according to Ree'dman anel McHenry^s 
directions (19). Several variations in time and temperature were 
used. In no case was the^re any additional titration value as a result 
of this treatment. The residue remaining after thorough extraction 
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of the potato tissue witli trichloroacetic acid— a better protein precip¬ 
itant than the acetic-metaphosphoric acid mixture—gave the same 
negative reaction to hydrolysis. This agrees with the results reported 
by Besstiy {!) of similar experiments on Green Mountain and Irish 
Cobbi(T potatoes. Fujita and Ebihara {5) have reported recently 
that there are .some grounds for b('licving the ascorbic acid in plant 
tissue to be })artially bound to protein. They state, how(‘ver, that 
this ‘diound’^ ascorbic acid is readily converted to the free form in the 
pr(‘S(M]co of metaphosphoric acud and is thus completely rc^moved from 
the tissues by ordinary extraction procedure. 

DEHYDROASCORBIC ACID 

At various tim(*s during the course of the experimint, portions of the 
('xlract were treated with liydrogen sulfide for 20 to 30 minutes as a 
first step toward determining wdiether any dehj^droascorbic acid was 
|)res(Mit. No incn^asc'd n^ducing activity could be detennined except 
in out' case. Then it was not certain that all of the hydrogen sulfide 
had b(‘(‘n rcauovc'd. Bessey (/) found a small amount of dehydro- 
ascorbic acid in both Gr(‘en Mountain and Irish Cobbler potatoes 
after storage. He rc^conimends longer contact with hydrogen sulfide 
in a slightly less acid medium, which may account for the differemeo 
in his results. 

EFFECT OF METHOD OF COOKING ON ASCORBIC ACID CONTENT 

OF POTATOES 

In order that the potatoes cooked by different methods should 
attain the same stage of ^Moneness,’' cooking was discontinued when 
the internal temperature measured at the center of the tuber had 
r(»ached 90° C. In each individual cooking, potatoes of approximately 
the same weight were used. A thermometer was inserted wdth the 
bulb at the center of one potato (tw'o in baking) of each lot, wdth the 
exception of those prepared in the pressure saucepan and by ‘Vater- 
less” cooking. In the latter instances, the time required to bring a 
given weight of ])otato to the retiuired temperature was determined 
by preliminary experiment-, ami this time was ailhered to in the 
remainder of the tests. Potatoes without thermometers from each 
cooking lot were used for analysis. In the study of any given cooking 
imdhod the tubers anal^^zed raw^ were of the same weight as those 
which were analyzed after cooking. The results of these analyses are 
given in table 2 in which the data showing the effect of each method 
of cooking upon the ascorbic acid content of potatoes are summarized. 

BAKING 

Three or four un])ared Irish C\>bbler potatoes weighing between 
200 and 200 gm. w^ere prepared in an oven maintained at a temper¬ 
ature of 215° C. The time required varied from 47 to 52 minutes. 
The potatoes lost 15 to 17 jicrcent in weight and the average, loss of 
ascorbic acid, calculated on the basis of raw w^eight, was 15 percent. 

STEAMING 

Three unpared Irish Cobbler potatoes weighing between 153 and 
180 gm. were used for each cooking. They were cooked in a covered 

127451*2--o 
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steamer over 4 quarts of rapidly boiling water. This method required 
from 33 to 39 minutes except m one case when the time extended to 
almost 51 minutes. There was usually a gain in weight on the order 
of 1 gm. per potato. No ascorbic acid was recovered in the water. 
About 10 percent of the ascorbic acid originally present in the raw 
potatoes was destroyed. 


Table 2.- -.\iico?b}c acid losses in cooking Irish Cobbler and Green Mountain 

potatoes 


Vtiriety and cooking 
method 


IrHi Cobbler, stored* 

Baked.- 

Steamed, uiipared 
Boiled, impared. . . 
Steamed in pressure- 

cooker, pared_ 

Boiled, pared . . 

Green Mountain, 
“new 

Boiled, pared . 
“Waterless” cook¬ 
ing, pared 


Itavv potatoes 


'I'llhers I 
ana- j 
l\7ed 


Xumber 


Ascorbic 
acid 
lier 100 
gm 1 


'I'uberj 

ana- 

lyreil 


Cooke 1 potatoes 


j Ascoibicacid per JOO 
irni flaw basis) • 


Ascorbic acid 
recovery in— 


gni (law* basis) « 
111 potato 


Xtimhfr' MUliffrnm 


In cooking I 
lupior 


Cooked 

liotato 


Cook¬ 

ing 

iKpior 


Ascor¬ 
bic acid 
<le- 
struc- 
1 ion 


I 


Mil horn m » 


Percent Percent Percent 



10 

6±0. 

21 

1 5 ' 

9 

Od-O 

30 




1 K,". 1 . . 1 

L'> 

10 1 

10 

IdbO 

19 

1 ^ ! 

9 

HO 

14 j 




! «) 1 

10 

10 

10 

ld:0 

10 

g; 

9 

HO 

21 




! 90 L. 

10 

r. 

9 

7±0 

l.'i 

0 1 

K 

24 0 

21 I 

0 

HO 

03 

M.' ' 4 , 

11 


10. 

3:L0 

12 

«! 

7 

J<4-0 

20 1 

0 

HO 

01 1 

70 .1 

19 

10 - 

20 

Odhl 

34 ! 


JO 

HO. 

92 

2 

34.0 

29; 

1 1 

SO ! 12 , 


, 

17 

3:1-0 

73 j 

" 1 

\:> 

H4r0 

47 ! 




91 {. 1 

s 9 


I 


» The figures follow ing the symbol dr refireseut the standuni errors of the mean. 
* The extent of destruction of ascorbic acid is not statistif^lly significant. 


BOILING 

The potatoes wore cooked by immersion in boiling, distilh^d wnter. 
The volume of liquid required to keep the potatoes completely eover(‘d 
in a 3-quart saucepan (7 inches in diameter) throughout the cooking 
period was calculated from the formula: 

Total weight of potatoes X 2.5 — 200 “ milliliters of water recjuired. 

Potatoes wore boiled pared and unpared. Three potatoes weighing 
between 140 and 180 grn. were used in each case. The iinpared pota¬ 
toes (Irish Cobblers) required from 33 to 40 minute's cooking time 
and gained about 1 gm. apiece in weight. Tho}^ lost about 10 percent 
of their original content of ascorbic acid, none of which was found in 
the cooking liquid. 

The pared ])Otatoos required from 31 to 37 minutes for (iooking. 
The Irish Cobbler potatoes gained from 2 to 0 gm. in weight and 
there was very little sloughing. The potatoes contained 70 per¬ 
cent of their original ascorbic acid and an additional 5 percent was 
recovered in the cooking liquid so that the destruction of the vitamin 
was 19 percent. 

The ^^new^^ Green Mountain potatoes wc're more mealy than the 
Irish Cobblers, which had been stored, and there was a great deal 
more sloughing during cooking. Nevertheless these potatoes retained 
80 percent of their ascorbic acid value. The cooking liquid contained 
another 12 percent. The average destruction of ascorbic acid in 
these potatoes was 8 percent, but because of the magnitude of the 
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standard error, this difference cannot be regarded as significant. If 
the ascorbic acid present in the cooking liquid were disregarded the 
loss would bo 24 percent in the Irish Cobbler and 20 percent in the 
Green Mountain potatoes. 

PRESSURE COOKING 

For the pressure-cooking experiment a 3-quart pressure cooker 
made of cast aluminum was used. The cover, which was automati¬ 
cally steamtight, contained a vent pipe to which a weight was fitted 
so that pressure could be maintained at 15 pounds. It was possible 
to cool the whole cooker very rapidly by placing it in a pan of cold 
water so that cooking was stopped almost instantly when the utensil 
was removed from the flame. 

Two Irish Cobbler potatoes weighing between 100 and 114 gm. were 
cooked at one time. They were placed on a rack in the cooker and 
one-fourth cup of hot water was added. Two minutes wore required 
for the pn^ssure to reach 15 pounds and it was maintained at this 
point for 15 minutes, giving a total cooking time of 17 minutes. The 
pressure was released in 10 to 15 seconds. 

Th(' gain in weight for different samples of potatoes varied from 
zero to 4.5 gm. They n^tained on an average 85 percent of their 
ascorl>ic acid value and an additional 4 percent was recovered in the 
small amount of liquid remaining at the end of the cooking period, so 
that tli(* d(‘struction of vitamin C was 11 percent, with a loss of 15 
pcTcont if (Ids liquid was discarded. 

“WATERLESS" COOKING 

Four ^‘iiew’' Green Mountain potatoes weighing between 95 and 
135 gm. were j)repared at one time in a IJ-I-quart, heavy aluminum, 
covered pan. They were washed after paring, placed in the pan, 
rins(Hl in cold water, and the water poured off so that the potatoes 
remained moist. During the first half of the cooking period the 
temperature inside the pan was maintained slightly below the boiling 
point so that the formation of vapor was slow and its escape from 
the container not apparent. Thereafter the temperature was lowered 
and for the remainder of the cooking period it was maintained at 84® 
to 8(i® C. An indicator in the cover of the pan made control possible. 

The total cooking period was 54 minutes. At the end of cooking 
tlurc was no remaining liquid, the potatoes were very lightly browned 
at the points of contact with the pan, and there was a slight skin 
formation. They lost from 3 to 5 gm. apiece in weight and an average 
of 9 percent of their ascorbic acid content. In view of the magnitude 
of the standard error, this loss of ascorbic acid cannot be regarded as 
significant. 

RELATION OF DEGREE OF MATURITY OF POTATOES TO ASCORBIC 

ACID CONTENT 

The Chippewa potatoes analyzed semiweekly for 6 weeks prior to 
maturity decreased in ascorbic acid content during that period from 
25.5 to 20.1 mg. per 100 gm. (table 3). The ascorbic acid content of 
the potato('s did not change between the twelfth and fourteenth 
week after planting. At the end of the fourteenth week a decrease in 
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ascorbic acid occurred simultaneously with the appearance of a 
diseased condition in the tubers. For this reason, althoup:h only 
apparently healthy tubers were analyzed, it is uncertain whether or 
not the decrease in ascorbic acid value is attributable to the maturity 
of the vines. Lyons and Fellers {12) found no loss of ascorbic acid in 
maturing Green Mountain potatoes. 

There was a wide variation in the size of the potatoes througliout 
the entire experimental period. Tubers ranging in weight between 
12 and 193 gm. were analyzed. As far as possible, the entire size 
range was represented in each lot of potatoes analyzt'd and no rela¬ 
tionship was found between the concentration of ascorbic acid present 
and the weight of the tuber. 


Table 3. - The ascorbic acid content of maturing Chippewa jndntocs per 100 gm. of 
tuber and effect thereon of short periods of storage 



Without st'irajie» 


Stored at 2." 5° C for 

- 


TVriod aflor i lanlinjr 



1 week 
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3 week-* 
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exam¬ 
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aeid con¬ 
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Asei.rbje 

Tu 

Aseerbie 
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aeid eon- 

exam- 
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1 
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1 
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1 
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biT 
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1 



13 . 

10 

20 4±1 IT) 

12 

20 (>J=0 47 

7 1 

19 2+1 50 

10 1 

17 0+0 70 

14 . ; 

13 

2b 0=1-1 or> 1 



7 1 

17 S±0 (.0 

10 ' 

17 0_i 0 70 

IT)*_ . ; 

10 

22 2+1 01 ' 

1 


i 

1 

7 

17 :).t.O 5H 

Ifi .. - 

13 

23 2±0 SO i 

1 


13 ■ 

JS lj_0 ()0 ' 



17*.. 

H 

20 1 rbO 09 , 

7 I 

IS 7+1 or, 






> Fipurt's following the + s\ in hoi show t he slanrlard error. 

*Fusariuni wilt was well devc'loiK'd. 

3 The vines were dead at this time. 

EFFECT OF STORAGE ON ASCORBIC ACID CONTENT OF POTATOES 

Olliver {IG) reported a loss of 50 percent of the ascorbic acid fj-oin 
new potatoes after 15 days of storage and Pett {IH) a loss of over 50 
percent after 20 to 30 days. In the present study there was also a 
marked de^Tease in the ascorbic acid content of stored potatoes, very 
rapid during the first few weeks after harvesting, and more gradual 
thereafter. The immature Chippewa potatoes lost 22 percent of their 
ascorbic acid after 1 week's storage at 25.5° C. and 30 percent in 
3 weeks (table 3). 

<<New" Green Mountain potatoes bought on the market decreased 
in ascorbic acid content from 20.0 to 17.3 mg. per 100 gin., a loss of 
14 percent in about 10 days at 25.5° C. These potatoes had probablv 
been harvested for at least a week before the first analysis for ascorbic 
acid was made. 

The Maine-grown Green Mountain potatoes lost about 30 percent 
of their ascorbic acid in the first month of vstorage at 15.5° C. (fig. 1). 

Unfortunately no figures were obtained for the Irish Cobbler pota¬ 
toes during the first period of storage, but the close agreement of the 
curve with that of the Green Mountain potatoes for the remainder of 
the 15.5° storage period suggests the probability of similar behavior 
at the beginning. Green Mountain potatoes stored at 15.5° for 5 
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mouths had an ascorbic acid content of 10.1 mg. per 100 gm., a loss 
of nearly 50 percent of their original value. Irish Cobblers stored 
for the same period and at the same temperature contained 9.9 mg. 
per 100 gm. 

It is interesting to note that in these potatoes the rate of loss of 
ascorbic acid at 15.5° and 25.5° C. was apparently independent of 
the variety of the potato, but dependent, to some extent at least. 



Fic.i'RE 1.- Ascorbic acid content of Irisli Cobbler and Green Mountain potatoes 
during storage at 15.5° and 4.5° C. 


upon the ascorbic acid content of the tuber. The variation in ascorbic 
acid content from tuber to tuber was much smaller in potatoes that 
had been stored for a short period than in immature and new potatoes. 
Tliis approach to uniformity during storage could only have been 
brought about if the loss of the vitamin were greater during the same 
period from tubers of high ascorbic acid content than from those of 
lower ascorbic acid content. 
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When Irish Cobbler and Green Mountain potatoes were placed in 
storage at 4.5° C. after a preliminary period of 6 weeks at 15.5° the 
loss of ascorbic acid was more rapid in both varieties as compared with 
the loss at 15.5°. At the end of the storage period (25 weeks) the 
ascorbic acid content of the Green Mountain potatoes had dropped 
to 7.5 mg. per 100 gm. and that of the Irish Cobblers to 5.9 mg. per 
100 gm. Apparently the interference with the physiological processes 
caused by lowering the temperature has a marked effect upon ascorbic 
acid. 

From these results it would seem tliat the storage of potatoes in 
cellars where the temperature approaches the freezing point during 
the winter would cause a greater loss of ascorbic acid than storage in 
warmer cellars. However, Kroner and Steinhoff (^), who kept 
potatoes in such a storehouse, found that the ascorbic acid content 
reached a low value and tlien increased steadily during the spring, 
following the rise in the temperature of their storehouse. 

In view of the increase noted by these authors and of the data pre¬ 
sented here, it seems possible that the detrimental effects of storage 
at a low temperature upon the ascorbic acid content of potatoes might 
be offset to some extent by later storage at a higher temperature. 

DISTRIBUTION OF ASCORBIC ACID IN THE POTATO TUBER 

It has been repeatedly stated (7, 12^ 17) and apparently is usually 
assumed that the distribution of ascorbic acid in the raw ]>otato is 
uniform or nearly so, although Rudra {21) found a higher concentra¬ 
tion in the skin than in the flesh of new potatoes. Rome of the ])otntoes 
used in the present study were examined after a period of storage, and 
it was found that, although there was a tendency for the conccmtiation 
to be higher in the cortical layer, the diflenmce between it and the 
medullary layer was slight. 

When wedge-shaped samples were taken from various part> of th^ 
potato it was noticed that the concentration of ascorbic acid was 
always higher in the bud end of the tuber than in the stem end. This 
variation led to the metlidd of sampling previously described, that of 
taking four wedge-shaped samples from each potato analyzed: One 
each from the stem and the bud end, and one from each side. 

Figure 2 shows the relationship between the ascorbic acid cojiteut of 
these various wedge-shaped sections of Green Mountain and Irish 
Cobbler potatoes during storage at 15.5° and 4.5° C. Each point on 
the curves represents the average of the values of from 5 to 10 tubers. 

A similar distribution was present in the cooked potatoes both ])ared 
and unpared. This shows that there was little diffusion of the vitamin 
during cooking. The sharp rise shown in the curve for the bud end of 
Irish Cobblers stored at 15.5° C. occurred just before the removal of 
all of the sprouts and the abrupt decline immediately after this 
treatment. No analyses were made of the Green Mountain potatoes 
at this time. 

IVith regard to the potatoes studied later, the immature diippewas 
showed practically no difference in the distribution of ascorbic acid in 
the various sections, although there was a slight tendency toward a 
higher concentration in the bud end as they approachecl maturity. 
The new Green Mountain potatoes bought on the market showed only 
a slight tendency to have a higher concentration of ascorbic acid in the 
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bud end than in the stem end when pureliasod. This difference became 
very apparent by the end of t])e first week and increasingly more 
pronoxinced thereafter. 

DISCUSSION OF RESULTS 

The results of the present study indicate that the vitamin C value of 
potatoes is more dependent upon the time that elapses after harvesting 
before the potatoes are consumed and the temperature at which they 
are stored during tliat time than upon the method of preparation for 
consumption. The method of cooking most commonlv emploved, the 
boiling of })ared potatoes, causes the greatest loss in ascorbic acid 
content, ])articularly since the cookhig liquor is usually discarded. 
Losses due to other methods of cooking are somewhat smaller and 
fairly comparable. However, the decrease in the ascorbic acid con¬ 
tent of potatoes during the first few w^eeks after harvesting exceeds 
even that which would be produced by the most destructive of the 
cooking methods. 

Data pn^sented hero in regard to the ettect of cooking upon the 
ascorbic acid content of ])otatoes is in general agreement with that of 
ScluMinert, Reschke, and Kohlemann ( 22 ) and Wachholder, Heidinger, 
Grieben, and Kohler ( 26 ). The former reported the effect on tin* 
ascorbic acid content of steaming unpared potatois and the latter 
that of steaming unpared potatoes and of boiling both unpared and 
pared potatoes. Much greatcT losses in ascorbic acid than wer<* 
found her(^ have also b(‘(*n reported, while some investigators have 
noted similar losses with some of the methods of cooking and gains 
with others. No such gains were found in the prescuit investigation 
and no evidences was obtained in support of any of the theories 
advanced to explain thes(» gains. 

The apparent inconsistencies of the gains reported for ascorbic 
acid in cooked potatoes suggest the operation of an accidental factor. 
If, for example, boiling ])ared potatoes causes an an apparent increase 
in ascorbic acid content, l)oiling uni)ared potatoes should liave the 
same effect. However, if the type of distribution of ascorbic acid 
showm by Irish Cobbler potatoes at 15.5° C. were present but unrec¬ 
ognized, it is easy to see that the accidental selection of a dispropor- 
tionatel}^ large number of samples from the bud (md of the tubers 
would result in a relatively high ascorbic acid content as (jstimated 
from this group of samples. If, in addition, these samples repre¬ 
sented cooked potatoes, the high value obtained would be thought 
to be a result of cooking rather than of sampling. 

Another essential factor in the determination of the actual effect 
of a cooking method upon the ascorbic acid content of potatoes is 
the elimination of the effect of storage. This is particularly important 
wdien the potatoes are studied soon after being harvested since the 
rate of decrease in their ascorbic acid content is extremely rapid at 
this time. Unless determinations of the ascorbic acid content of both 
raw and cooked potatoes parallel each other in point of time, the 
result obtained for the effect of a cooking method may be very erron¬ 
eous. In addition, the variation in ascorbic acid content from tuber 
to tuber is much greater soon after harvesting than it is after a 
period of storage. Consequently the sampling of an adequate num- 
.ber of tubers is imperative. 
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SUMMARY 

Jn sampling potatoes for the determination of their ascorbic acid 
content, all sections of the tuber were represented in proportion to 
their pres(Mice in the potato. The vitamin was completely extracted 
from raw potato tissue more easily than from the cooked tissue. 
Six successive extractions removed almost a constant percentage of 
the total ascorbic acid from the latter and a factor was employed to 
calculate the total. 

Th(‘rc was no evidence of the presence in potatoes of a '4)ouiKr’ 
ascorbic acid insoluble in the extracting medium employed. No 
dehydroascorbic acid was found in the potatoes analyzed. 

New Green Mountain potatoes were used in a comparison of the 
effects of boiling and “waterless^’ cooking upon the ascorbic acid 
content of potatoes. The variation in the ascorbic acid content from 
tuber to tuber in the new potatoes was so great that the losses obtained 
as a result of cooking these potatoes could not be regarded as significant 

Irish Cobbler potatoes stonnl at 15.5° C. were used to study the 
effect of pr(‘ssur(' cooking, baking, boiling, and steaming upon the 
ascorbic acid cont(*nt. Steaming and boiling impared potatoes were 
the most conserving of vitamin C. Baking and pressure cooking 
caus<'d slightly larger losses of ascorbic acid, while boiling pared 
])otato(‘S was least conserving of the vitamin. However, the maxi- 
mum loss of ascorbic acid due to a cooking method never exceeded 
25 p(*rccnt. 

C^iippewa j)otatoes decreased in ascorbic acid content during 
maturation. Because of the development of fusarium wilt during 
the growing ])criod it was uncertain whether the effect shown was 
caus(‘(l by maturity or disease. 

All three' varieties of potatoes lost ascorbic acid during storage. 
At 15.5° C\ the losse's were most rapid during the first few weeks of 
storage' and bi'came' more' gradual thereafter until, at the end of 26 
wee'ks of storage, the ascorbic acid content had iH'arly reached a 
plate'au value. Storage of a lot of Green Mountain and Irish Cobbler 
potate)e's at 4.5° caiist'd their ascorbic acid content to drop below that 
of a similar lot ke'pt at 15.5°. 

Ascewbie* acid was not distributed uniformly throughout the tuber. 
Mort'e)ve'r the' re'lative distribution of ascorbic acid differed in Green 
Mountain and Irish Cobbh'r potatoes. It was affected by the tern- 
pe'rature' at whiedi the tube^rs were stored and was subje'ct to continuous 
change eluring the period of storage. 
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STIMULATION OF GROWTH IN JUVENILE MANGOSTEEN 

PLANTS' 

By Claud L. Horn 

jUmciate horticulturist, Puerto Pico Experiment Fetation of the United States Depart¬ 
ment of Agriculture 

INTRODUCTION 

Much of lh(' litmitiiro pertaining to the inan^ostc'cn, Garcinia 
mangostana L., laments the fact that this much-desired tropical fruit 
tr(M» is so difficult to grow. The main difficulty lies in the often- 
nuMitiom'd poor vigor of the young plants. In the nurs(Ty of the 
l^iKTto Rico Hxperiment Station of the United States Department of 
Agriculture at MayagU(‘z, there are some plants as much as 5 years of 
aire which arc* no more than 0 inches high. Most plants fail to survive 
tli(‘ juv(‘nile stage, but the few that do survive develop to maturity in 
a manner much tin* same as seedlings of other tree species. The root 
system of a juvenile plant consists of a slender taproot having corky 
bark and little, often none, of the more active lateral system of smaller 
roots. In geiu'ral, tlie poor development of mangosteen plants has 
bet'll attributc'd to this poor root system. 

()liv(T,‘ working on the problem of mangosteen grafting under 
grt'enhoust' conditions in Washington, 1). C''., about 1910, found that 
])()or mangostt'en plants could be approach-grafted on Garcinia 
iinctoria, a close relative. After such gi’afting, the mangosteen became 
vigorous, and new roots developed from the base of the mangosteen 
stt'in wluTt* the root system had becui severed after union with the 
G. finctoria stock had been accomplished. The new mangosteen root 
syst(*in continiu'd to d(*velop and ultimately the mangosteen reestab- 
lislu'd itsi'lf upon its own roots and the G.tincioria root system perished 
Working with jilants of Aleurites fordii whose growth had entirely 
ceased, Bonner and Greene obtained almost twice as much total shoot 
elongation and a more luxuriant root system in plants supplied with 
vitamin Bi than in similarly treated ])lants without vitamin Bi. 
According to Bonner,^ vitamin Bj is essiuitial for root growth and in 
th(' pres(Mi(*e of light it is normally formed in the leaves. The root of 
a normal sec'dling may reccuve its supply of this vitamin either from 
th(' gi*e(‘n leaves or from the seed where it is normally stored in suf¬ 
ficient quantity for the needs of the young plant. The favorable 
behavior of the grafted mangosteen plants of Oliver might be attrib- 
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ut('d to a vitamin Bi deficiency in the mangosteeri seed being supple¬ 
mented from a well-supplied root system or from the active leaves of 
the Garcinia tinctoria stock plant. 

With knowledge of this and of the results of Bonner and Greene 
witli Aleurites fordii as a background, the writer conducted an experi¬ 
ment at the Puerto Rico Experiment Station to determine whether 
supplementary ginwth substances may be obtained bv mangosteen 
seedlings from a water extract of brewer\s yeast to give the stimulation 
need(»d for satisfactory growth. Brewer’s yeast is known to be a good 
souree of vitamin Bi; however, this vitamin is not the only growth 
substance which roots can obtain from such yeast. 

EXPERIMENTAL METHODS 

Seeds were planted individually in cylinders 4 inches in diameder 
by 1 foot deep filled with dead sphagnum moss; the seeds were firmly 
embedded in the moss. Moisture was added only in nutrient solu¬ 
tion. Fresh mangosteen seeds germinate slowly but without difliculty. 

The experiment consisted of two treatmcuits each containing 90 
plants. All plants were irrigatc'd once weekly with an excess of 
nutrient solution so that a flushing action was thereby accomplished. 
The nutrient solution used consisted of White’s ® solution with oni'- 
tenth of 1 percent of raw cane sugar to which were added the trace 
elements through a modification of Iloagland’s mixture.*^ One of the 
two lots of plants received a water extract of brewer’s yeast in addition 
to the combination of Wliite’s solution and Hoagland’s A to Z mixture' 
and raw cane sugar. The nutrient solutions were pre'pared in IS-liter 
quantities. Stock water ('xtracts of yeast were prc'pared by luxating 
for 96 hours, at a temperature of 100® to 103° C., crown-capped bottles 
each containing 7.2 gm. of Anheuser-Busch strain K yeast suspended 
in 200 ml. of distilled water. After standing for months, this 
prc'paration had a i)H value of 5.17. Fifty milliliters of the' cooled 
supernatant fluid thus obtained was used in the preparation of 18 
lit(Ts of the nutrient solution for the yc'ast-fed plants. 

The plants were grown for 7 months under uniform moistur(q)roof 
protective sashes in the open nursery yard where uniform shade was 
provided by light cheesecloth. During the last 8 months of the ex¬ 
periment the plants were grown in a greenhouse wIktc shade was pro¬ 
vided by light cheesecloth. Temperatur(‘S were' higher in the 
greenhouse than in the nursery yard. 

EXPERIMENTAL RESULTS 

The advance in d(?velopment of the plants that n'ceuved yeast 
extract, as illustrated by figure 1, A, over the plants that did not 
receive yeast, as illustratc'd by figure 1, R, distinctly shows the bene- 
licial effect of yeast upon tin' development of the mangosteen plants 
during their first 10-month growth period. An increase in growth 
during this most critical period was obtained wlu'n the plants in 

« White, Phiiji' T*. potentially t vlimited growth of excised tomato root-tips in a liquid m edium 
Plant Physiol. 9: illiis. 1934 

0 UoRRiNs, William J., and Schmidt, Mary Bartely. growth of excised roots of the tomato. 
Bot. Gaz. 99: 071-728. 1938 
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sphagnum moss irrigated with nutrient solution were given water 
extract of brewer^s yeast. As leaf area increased, differences due to 
yeast-extract stimulation diminished. At the seedling age of 10 
months the increase due to yeast extract was 75.8 percent, while at 
15 months it was 46.8 percent. If the effective principle in the yeast 
extract was vitamin Bi, this decrease in growth rate was as should be 



Figure 1. —T)’i)ical plants of Garcinia mangostana grown under different treat¬ 
ments. A and B were grown in dead sphagnum moss irrigated with nutrient 
sohition. A received in addition a water extract of brewer’s yeast. C is a 
plant of comparabl(‘ age gro^^ n in garden soil only. 

exp(*et(‘d, for this vitamin is developed in the leaves and translocated 
to tlie roots. Table 1 presents the average leaf areas and the 
perc(*iitage increase for the two treatments together with the standard 
deviations and coetRcients of variability for the measurements. 


Table 1. —Average leaf area and other data pertinent to the evaluation of differences 
between mangosteen plants gromn with and without yeast extract 


Treat men 1 


Nutrient t^oliUion.. 

Null lent solution with yeast 



I 


Age of 1 Average Standard; cient cf 

]»lants ' leaf area , ' deMalion' varia- 

. . . bihty 


Months ; 
10 ' 

Cm J ; 
07 04 1 

Percent 

8 95 i 

Percent 

9 1 

15; 

252 18 


109.34 

43.4 

10 1 

172 20 i 

75. S * 

12 23 ' 

7.1 

15 1 

370.12 1 

40 8 . 

104.71 1 

44.5 


That the average leaf-area difference between the two treatments 
at both age levels was due directly to the effect of the addition of 
yeast is shown by the fact that this difference exceeded its standard 
error by an amount suflScient to assure an accuracy well beyond the 
1-perccnl point where the odds are 99 to 1. 

All the plants in this experiment, whether they received yeast 
extract or not, grew much more rapidly than those planted in good 
garden soil. The typically poor development of mangosteen plants 
grown in good garden soil is illustratexi by figure 1, (7, a plant from a 
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group not within this controlled experiment and a few weeks older 
than A and B, Whether the increase in growth of the plants grown 
in sphagnum moss and ^receiving only nutrient solution over those 
grown in soil was due to the nutrient S 9 lution or to the sphagnum moss 
or both was not brought out in tllis experim(‘nt. The profound 
increase in growth is, however, highly insignificant 

SUMMARY 

Normal grow'th in young mangosteen plants is so poor that few 
develop beyond the juvenile stage. This poor growth is the greatest 
limiting factor in the development of this tropical fruit crop. Thc' 
few mangosteen plants that do survive the weak juvenile period con¬ 
tinue growth to maturity much as do plants of any other vigorously 
growing tree species. Plants grown in dead sphagnum moss and 
irrigated with nutriemt solution having yeast extract developed 
75.8 percent more k^af area within 10 months than similarly treated 
plants receiving no yeast extract. Growth stimulation by yeast 
extract was greater in the first 10 months than in the succeeding 
5 months. Such behavior should be expected if the effective principle 
in the yeast extract is vitamin Bi, for, normally, a plant providc'd with 
leaf area equal to that of tliese 10-month-old plants is capable' of 
producing a sufficient quantity of vitamin Bi for its current growth 
needs. Correlation is seen between this early stimulation by yeast 
extract and the growth-stimulating effect Oliver obtained when man- 
gostecn was grafted on the more vigorous (farcinia tincforla. Growth 
in all plants within this experiment whether or not they i’(‘C(‘iv(‘d yeast 
extract was profoundly b('tter than that of plants gi'own in good 
garden soil only. 


U S GOVERNMENT PRINTING OFFICE i 1940 



JtMOFMOlTmKEAliqi 

VoL. 61 Washington, D. C., Septbmbee 15, 1940 No. 6 


EFFECT OF EXCHANGE SODIUM ON THE MOISTURE 
EQUIVALENT AND THE WILTING COEFFICIENT OF 
SOILS ‘ 

By Frank M. Eaton,2 senior plant physiologisty United States Regional Salinity 
Lahoratoryy^ Bureau of Plant Industry, and Charles R. Horton, formerly 
agent. Division of Irrigation Agriculture, Bureau of Plant Industry, United 
States Department of Agriculture * 

INTRODUCTION 

Laboratory research by numerous investigators has shown that 
sodium adsorbed by the clay complex of soils increases disperaion, 
])H values, swellinj 2 :, osmotic imbibition, migration velocity, apparent 
(Icmsity of puddled soils, and the hardness of dry aggregates; and lowers 
lieat of wetting, sticky point, and permeability. 

The moisture equivalent (3, 4)^ arid wilting coefficient (5), more 
(ban any other soil constants, have come into extensive use as ref- 
(‘rence points for the water relations of soils and plants. Sliarp and 
Waynick (17), Joseph (10), Anderson (1), and others (;^0) have been 
in agreement in finding that adsoi*bed sodium markedly increases tlic 
moisture equivalent. Veihmeyer and Hendrickson (21) have con¬ 
cluded, however, that the change, when any, can be attributed to 
soil puddling. In connection with all results it can be appropriately 
mentioned that the magnitude of the effect that adsorbed sodium has 
on soil characteristics is related to the amount and character of the 
clay of the soil, to the extent to which other ions are replaced by 
sodium, and to the extent to which flocculating electrolytes are 
removed. 

No one has reported on the effects of adsorbed sodium on the avail¬ 
ability of moisture to plants in the wilting range, and, so far as the 
writers have been able to learn, no investigations have been conducted. 

In agreement with laboratory findings, it has been extensivelv 
observed that when lands are irrigated with water containing a high 
proportion of sodium relative to the concentrations of other bases the 
permeability tends to be reduced. Accompanying the effects of 
adsorbed sodium on permeability are other adverse consequences, 
such as the accumulation in the root zone of the salt constituents of 
irrigation waters, increased erodibility, the loss of good tilth, and 
consequent unsatisfactory seedbeds. It is a common observation that 

> Received for publication April 10,1940. 
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soils with much adsorbed sodium are less permeable to rain water 
than they are to saline irrigation waters. 

The expression ‘‘percent sodium/^ as used by Eaton (7) to designate 
the relation 


c, i. i. 1 1 milliequivalents Na X 100 

Sodium-total base ratio—— \ ?— 7 — f v - tt i - 

milliequivalents 01 total bases 


has come to be regarded as an important water-quality characteriza¬ 
tion. Because of the diversity of factors that bear on permeability 
and exchange reactions and the quantitative relationships involved, 
it has not been possible to closely delimit the concentrations and pro¬ 
portions of sodium in natural waters that should be avoided or 
designated as undesirable. 

The relationships between adsorbed sodium and moisture equiva¬ 
lent that are reported on in this paper were investigated for the pur¬ 
pose of exploring the possibility of utilizing the moisture equivalent 
as an index to sodium-induced dispersion. As a part of the inquiry, 
comparisons were made between calcium-treated and sodium-treated 
soils with respect to (1) the effect of the acceleration rate of the cen¬ 
trifuge on the moisture equivalent; (2) tlie migration and segregation 
of sand, silt, and clay in dispersed soils during centrifuging; (8) the 
distribution of moisture in Ca soils and Na soils after centrifuging; 
(4) the effect of flocculation hy electrolytes on the moisture equivalent 
of Na soils; and (5) the quantity of sodium that significantly affected 
moisture equivalent values when Ca and Na soils were mixed iri 
different proportions. Finally, moisture equivalent and hydro- 
Hcopicity comparisons were made bf^tween soils saturated with calcium, 
magnesium, sodium, and potassium. This was done for the purpose* 
of determining whether the effects of potassium most closely roscun- 
bled those of calcium and magnesium or those of sodium. 

The relationships between the adsorbed sodium and moisture avail¬ 
ability were investigated with 12 soils, both at the wilting coefficient 
and at the ultimate wilting point. The resulting data, together with 
the moisture equivalent values, arc graphically presented with tin* 
use of a pF scale.® (Se(* fig. 8.) 


DESCRIPTION OF SOILS. DEFINITIONS, AND METHODS 

The source, classification, and certain physical constants of tin* 
12 soils used for these*, investigations are reported in table 1. 

MOISTURE EQUIVALENT 

The moisture-equivalent values represent the percentage of mois¬ 
ture remaining in 30-gm. samples of soil that had been saturated for 
24 hours, drained for 30 minutes, and then centrifuged for 30 minutes 
in standard cups in a standard moisture equivalent centrifuge drum 
operated at a rotational speed of 2,440 r. p. m.^ The centrifuge came 
to full speed in 15 seconds. Any free water remaining on the surface 
of the soil after centrifuging was removed by inverting the cups for 
several minutes and then wiping their inside walls with blotting paper. 

• The pF value of soils is the loijarithin of the equivalent capillary tension expressed in centimeters of water 
column. 

^ The centrifuge drum was belt>driven from a 1-hp. polyphase induction motor following a principle of 
operation worked out by E. S. Babcock, of Kivorslde, Calif. By the use of a large motor with a low connected 
load, the speed of the drum is determined alone by the cycles of the alternating current and the ratio of tiu* 
two pulleys. The centrifuge drum was mounted on the verticalpullcy, within which wore two roller bear¬ 
ings sot on a m-lnch shaft anchored in a concrete pedestal, with this machine the acceleration rate is 
rapid, though it Ls possible to reduce it by Installing an autotransformer (choke coilj in the line. 



Table 1. t^enes, source^ and ctiioin physical consianis of 12 California soils used in the investigation reported herein 
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XYLENE EQUIVA1.ENT 

Tho xylene technique was the same as that used for the moisture 
equivalent, except that the samples were', oven-dried just before they 
were wet with xylene. Xylene-equivalent measurements were made on 
washed, calcium-treated, and sodium-treated soils. The character of 
the adsorbed cation, in accordance with eToseph^s {10) findings for soil 
clays, was without effect on the percentage of xylene held against a 
force of 1,000 times gravity. Tlie greatest single departure between 
the xylene equivalents of any soil as treated with calcium and sodium 
was 2.6. The average of tke values of the xylene equivalents was 
12.9 for the 12 Ca soils and also for the 12 Na soils. 

WILTING COEFFICIENT AND ULTIMATE WILTING POINT 

The exhaustion of soil water that accompanies the wilting of plants, 
as recognized by Briggs and Shantz {5) and subsequently by otliers, 
is progressive, and extends through what is now termed the ‘^wilting 
range.” The fact that wilting does occur over a range of moistnn^ 
percentages for a given soil adds to the difficulties associated with 
th(^ selection of a uniform end point. Tho wilting coefficient, as h(*n^ 
used, represents a (h^gree of wilting from which only about one-third 
of the heaves of sunflow(*rs recovered when the plants W(‘re plac(*d in 
a dark, humid chamber overnight. Except as noted i!\ tabh* 10, each 
wilting coefficient and ultimate wilting point valuer is the average of 
six determinations. 

Water and soil were alternately added (washed, (Vi, and Na soils 
alike) as the cans were filled for the wilting coefficient measurements. 
After germination of the sunfiower seeds additional wat(T was addcnl 
to the soil surface until a plant of the desircal size was developt'd, 
after which the o})cnings in the covers of the cans W(‘re clos(‘(l with 
cotton. Aft(»r the plants had been wilb'd and cropped, the soils 
dried at 105® to 110® C. for 4 days. The soil of each can was then 
broken up and passed through a 2-mm. scre('n and rolled in a j)aper 
to remix. One sample was withdrawn from each wilting co(‘ffici(*nt 
can for moisture equivalent mcasurennuit. Any moisture equivalent 
determination that appeared out of line was repeated with a new 
sample. The soil of the six cans of each treatment was then com¬ 
posited as stock samples for use in other parts of the investigation. 

The 'Ultimate wilting point,” a term suggested by Taylor, BIan<*y, 
and McLaughlin {18)^ is used in the present work to d(*signat<‘ fh(‘ 
moisture content at which the rat<‘ of movement of wat(T into a In¬ 
to 30-cm. sunflower plant, after wilting, from a 600-gm. mass of soil 
was only sufficient to bring about the recovery of tlu‘ buminal ])air 
of leaves (1 to 2 cm. long) when the plant was placed overnight in 
the moist chamber. As this end point was approaclu^d the loss of 
water was a fraction of a gram per day, or in the order of 0.1 percent 
of the weight of the soil mass. The atmospheric conditions in tlic 
Riverside, Calif., greenhouse where the plants W(Te grown were con¬ 
ducive to high transpiration rat('s. After recording tlie pot weights 
at the wilting coefficient, the same plants were reexposed in the green¬ 
house until the ultimate wilting point was reached. 

The old leaves of plants on the majority of the Na soils deteriorated 
somewhat more rapidly than those on the Ca soils, and the death of 
leaves on the former plants was sometimes accompanied by marginal 
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burning. Equally good distributions of roots were observed in the 
Ca and Na soils. A further reference is made to the wilting measure¬ 
ments under soil treatments. 

APPARENT DENSITY 

Apparent density of untreated soils, as reported in table 1, repre¬ 
sents the weight per unit volume of air-dry soil that had been passed 
through a 2-mm. sieve. The volume was measured in a 5 by 5 by 
2.5 cm. box. The box was filled and lightly tapped on the desk top 
and leveled off before weigliing; the method of filling the boxes was 
as n<»arly alike as possible for all soils. 

EXCHANGE CAPACITY 

For lJui lueasurenuMits of the exchange capacity, a 20-gm. portion of 
soil was digested with 2.50 cc. of luaitral normal ammonium acetate 
and leached free of calcium with 500 cc. of neutral normal anmioniiim 
acetate. The exc(‘ss ammonhmi acetate was then removed by leach¬ 
ing with neutral normal arnmonimn cldoride followed by leachmg 
witlx neutral m<‘thyl alcohol until the leachate was free from chloride 
ion. The adsorlnnl ammonia (NII3) was distilled, in the presence of 
magnesia (MgO), into a 2-perc(^nl solution of boric acid and titrated 
with standard sulfuric acid. Th(‘ valiu's reported in table 1 arc tin* 
means of wash<‘d, sodium-treated, and cal<*ium-treat.(‘d soils; the valu(*s 
were in close agreement. 

PKEPARATION OF SOII.S 

Two sets of soils w<‘re ])rei)a7*(Ml for these investigations. Th(‘ fii*st 
S(jt designated washed, Ca, and Na soils—provided material for the 
(‘,omj)arisons of the e/fects of calciimx and sodimn on the moisture 
(‘quivahuit and on the willing coefficient and ultimate wilting point. 
The second set—designated Ca, Mg, K, and Na soils—was used only 
for tin? supplementary hydroscopicity and moisture equivalent meas- 
uremimts where the effect of potassium was of principal interest. 
Descriptions of the methods employed in preparation of the two sets of 
soils follow. 

Washed, Calctum-Theated, and Sodium-Treated Soils, and Measurement 

OP Exchange Sodium 

Three 4-kg. portions of each of the 12 soils (table 1) were weighed 
into porcelain dislipans. The washed soils were successively treated 
with distilled watiT in parallel with the soils treated with calcium 
and sodium. The Ca and Na soils were treated three successive 
times with 3-liter portions of normal calciiun chloride and sodium 
chloride solutions, respectively. Each suspension was stirred several 
times during the day and allowed to settle overnight; the supernatant 
solution was then decanted off and additional solution was removed 
with filter candles. The soils were then successively washed with 

3- liter portions of distilled water until, in a final washing, the solu¬ 
tions contaimd less than 10 mdliequivalents per liter of chloride ion. 
Tins washing required from 15 to 18 liters of water. To each of the 

4- kg. portions of soil, from winch aU jHissiblo solution had been 
removed by the filter candles, 1 liter of Hoagland’s nutrient solution 
was added. This solution contained 6, 5, 2, and 1 millunoles, respec- 
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tivcly, of calcium nitrate (Ca(N 03 ) 2 ), potassimn nitrate (KNO 3 ), 
magnesium sulfate (MgS 04 ), and monopotassium phosphate (KH 2 - 
PO4). The soils, still m the original pans, were then set in the sun 
until they had dried. After they had be!(ni passed through a 2 mm. 
screen, they were wet to approximatidy tlu' moisture equivalent witli 
(Ustilled water and trozen at — 10 ® C. for 3 days and again air-dried 
and screened. Freezing left the soils reasonably friable. The dried 
aggregates of the Na sod, though (easily broken, were harder than those 
of the washed or Ca soils. The soils as thus treated were used for the 
wilting coefficient and ultimate wilting pomt measurements. 

Replaceable sodium concentrations in the Na soils were measured 
after the soils had been amoved from the wilting coefficient cans. 
Total sodium was determined by the uranyl zinc acetates nn^.thod in 
an aliquot of the ammonium acetate extracts (s('(‘ st^ctioii headed 
Exchange Capacity, p. 405) from wJiicli organic mat ter and silica ho<l 
been removed. From the total sodium m d(d(umin(Ml there was 
subtracted the sodium in solution in the soils as w(it witli water to 
three times the moisture equivalents found for the Ca soils. Ali¬ 
quots of solution for these latU^r determinations were obtained by 
centrifuging four 50-gm. portions of each soil in glass tubes. It has 
been shown by Eaton and vSokoloff (8) that the apparent adsorbed 
sodium, as calculated by subtracting the sodium of aqueous extracts 
from th<‘ total obtained by aimuonium acetate extra(‘.tion, decreases 
as th(‘. soil-water ratio used for extraction is increased.® A number 
of the Na soils of this s<‘ries as loosely placed in c<‘ntrifug(' imps an<l 
w<'t from b(4ow (th<‘. standard procedunO abs()rb<‘d ap])r()ximat<'ly 
tln*(*e times the moisture^ equivalent of water of thi^ (^i soils, 

El<»ctrical-conductivity measurenn'iits made* on tI k* for(‘going 
centrifuges (extracts of five of those soils gav<‘ valines Ixdween (13 X 1 O'*'* 
and 154 X 10 "^ reciprocal ohms at 25® C., indicating tlu^ ]m‘senccof 
between 6 and 15 milliequivalents of salt per liter of solution at this 
moisture content. This salt includ(*d the*, residual solubh*. material 
remaining after tin* sodium treatments, that of the nutrient solution 
which was added, and any salt brought into solution during the growth 
of the sunflowers, minus the salts taken up by the plants. 


Table 2. —Exchange capacity and exchange aodium in Xa soila 


Soil No. 

Exchange 
capacity i»er 
100 gm. 

1 

Sodium in 
NIUAc ex¬ 
tract per 

100 gm. 

Sodium in 
3X moisture 
equivalent 
extract per 
100 gm 

Exchange sodium 

In soil jier 
100 gm. 

Proportion 
of exctmnge 
capacity 


MiUi- 

MillU 

MUli- 




equivalents 

equivalents 

equivalents 

equivalents 

Perce Jit 

270. .. 

3,34 

3 03 

0 69 

2 44 

73 1 

1______ 

4 82 

3 71 

.69 

3.02 

62.7 

4__ ___ . 

7.13 

5.33 

1.37 

3.96 

66.6 

2.. 

8.64 

5 54 

1.10 

4 44 

62.0 

6. 

8,02 

6 07 

1.19 

4.88 

60.8 

3...'_.1_ 

0.32 

7.12 

.96 

' 6.16 

66.1 

9. . -- 

14,0.6 

10.26 

1.38 

8.87 

03.1 

a .. ...- 

16.46 

10.42 

2.26 

8.17 

49.6 

10.-.... 

16.83 

1.3.86 

1..69 

12.26 

77.4 


14.82 

0.06 

2.16 

7.79 

52.6 

7.... 

20.00 

14.47 

1 72 

12.76 

63.8 

278. 

14.77 

3.52 

1. 21 

2.31 

16.6 


* Since this paper was written, Kelley (11) has published data conflrinlnK those findings of Eaton and 
Sokoloff. His data show for an Imperial Valley soil 6.1 m. e. of absorbed sodium per 100 gm. as determined 
on the basis of displaced solution, but only 0.6 m. e. on the basis of water extracts. The corresponding 
values for his Fresno soil 887 were 3.3 and 2.6 m. e.. respectively. 
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As shown by table 2, the sodium chloride treatments did not satu¬ 
rate the soils with sodium and they were better suited, for this reason, 
to the purposes of the experiment. Neither Gedroiz (9) nor Ratner 
(18) was successful in growing plants in soils containi^ somewhat 
higher percentages of sodium. ^ In all probability calcium was the 
principal base in the washed soils, since replacement proceeds in the 
calcium direction when soils with calcium carbonate are repeatedly 
treated with distilled water. The sequence of changes accompany¬ 
ing progressive leaching with distUled water of calcareous soils con- 
taimng sodium (8) are (1) dilution of the aqueous phase and (2) a 
resultant replacement of some of the adsorbed sodium by calcium. 
As the process is continued, sodium of the aqueous phase is removed 
by leaching and new calcium comes into solution from calcium com¬ 
pounds, followed by further exchange of calcium for adsorbed sodium. 

iSoiLH Tkkated With Calcium, Magnesium, Potassium, and Sodium 

The set of soils treated with calcium, magnesium, potassium, and 
sodium was giviui a uniform pretreatment with ammonium acetate 
and ammonium hydroxide to remove or reduce calcium carbonate 
and organic matter and thereby make possible a higher percentage 
saturation with the introduced bases. One-kilogram aliauots of each 
of th(^ soils were suspended twice in 4 liters of normal ammonium 
acetate, then in 4 liters of N/IO ammonium hydroxide, and again in 
4 liters of normal ammonium acetate. During each suspension the 
soils were recurrently stirred during the day (in the final ammoniimi 
acetate for 4 days), allowed to settle overnight, and then the super¬ 
natant/ solution was decanted and additional solution removed with 
lilt/(T candi<‘s. The foregoing treatments did not remove all calcimn 
but none of th(‘ final solutions contained more than 10 mUliequiva- 
lents per liter. The soils were dried, ground to pass a 2-mm. sieve, 
and divided into live 200-gm. aliquots, only four of which were used. 

Each 200-gm. aliquot of each soil was treated three successive times 
with 800 cc. of normal salt solution (CaCh, MgCh, KCl, or NaCl, 
respectively), and then washed with distilled water, by suspension 
and stirring and the removal of solution with filter candles, until the 
chloride content of the suspending solution was less than 5 milli- 
equivalents per liter. The potassium-treated and sodium-treated 
soils became highly dispersed during the washing with water and 
certain of them liberated some additional organic matter, but by the 
end of the wasliing little came into solution. The soils were finally 
air-dried, ground, and thoroughly mixed by rolling. 

EXPERIMENTAL RESULTS 

EFFECT OF STARTING ACCELERATION ON THE MOISTURE EQUIVALENT OF CALCIUM- 
TREATED AND SODIUM-TREATED SOILS 

Although the effect of rate of acceleration on moisture eqiuvalent 
values has been recognized by others as a factor (Sl)^ .experimental 
data bearing on it have not been found in the literature. The meas- 
uriunents reported in table 3 show higher moisture equivalent values 
when the dr^ is brought to full ^eed in 15 seconds than when full 
speed is attained in 4.5 minutes. The effect is especially marked only 
in the instance of Na soils 7 and 10. Relatively slower accelerations 
have been most extensively used in the past; otherwise a rapid aced- 
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eration with the resulting higher values would seem to be desirable, 
since a closer packing of soil particles is more representative of field 
conditions. 


Table 3. —Effect of starting acceleration on the moisture equivalent of Ca and Na soil 


Time to full spood 

Moisture equivalent of soil reoeivinR indicated treatment 

Soil No. 6 

Soil No. 10 

Soil No. 6 

Soil No. 7 

Ca 

Na 

Ca 

Na 

Ca 

Na 

Ca 

Na 

15 seconds.... 

13.2 

12.8 

2.3.2 

21.8 

21.6 

20.7 

43.0 

32.4 

22.0 i 

20.5 

37.6 

35.0 

22.2 

21.2 

57. 

61. 

4 5 minutes.... 


MKIRATION AND SEGREGATION OF SAND, SILT, AND CLAY IN DISPERSED |SOILS 

DURING CENTRIFUGING 

Two characteristics of certain of the centrifuged Na soils attracteil 
attention at the outset of this investigation. At the end of the 30 
minutes in the centrifuge, frc^e water was present on the surface of 
the finer-textured Na soils 3, 5, 7, 8, 9, and 10. After these soils 
dried the surfaces were glazed, and many times an upper layer curled 
away from the underlying soil (fig. 1), indicating a segregation of fin(‘ 
particles. 

Examinations indi(*ated that the. upper layer was eompos(‘d almost 
wholly of (day iiartich's. Bem^atli tliis clav, silt particles tended to 
jnuidoiuinate. In soil 7, tlu*re was a clearly demarked light-colored 
silt, surface and sand particles w^tw observed to have, accumulated in 
tlie out(T soil n(‘.ar tlu*. filter paptT. These efi'ects will r(‘ceiv(‘ further 
consideration in llic s<*ction tliat follows. 

DISTRIBUTION OF MOISTURE IN CAIXJIUM-TREATED AND SODIUM-TREATKD SOILS 

AFTER CENTRIFUGING 

Measurements were made of the distribution of water after centri¬ 
fuging in five of the Na soils and, for comparison, in the coii(»sponding 
Ca soils by the following procedure. The original screens wt^re re¬ 
moved from a number of the centrifuge cups and others substitutc'd 
that could be slipped into plac(» and readily ivinoved. The soils were 
prepared for the moisture-equivalent determination in the usual way, 
by weighing 30 gm. of air-dry soil into the cups, allowing tln'in to 
stand for 24 houi*s in a tray of water, and gently adding water to tlu‘ 
surface of any that had not takem up enouglx water to wet tlie surfac(‘ 
within half an hour. After th(». soils had drained for 30 minutes, the 
cups were placed in the centrifuge dnmi without jarring and centri¬ 
fuged for 30 minut(?s. The cups were taken from tlie drum, and if 
there was free wuiter on the surface they weni inverted for a few min¬ 
utes and the inside walls of the cups wiped with absorbent paper. 
The screens W(Te then cart'iully slipped off the bottom of the cups 
and the soils jilaced on a block of wood slightly concave along the 
center line and a little smaller than the inside of the cup. By care- 
fuDy pulling the cup downward, it was possible to expose portions of 
soil of the desired thickness above the upper edges of the cups. Suc¬ 
cessive layers, roughly 2 mm. thick, were in turn sliced off with a 
knife and transferred to weighmg cans. Four layers were taken from 
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each of the Na soils and three from each of the Ca soils. The bottom 
section of the Ca soils exceeded 2 mm. in thickness, but there was not 
sufficient for a full 2-mm. fourth layer. These methods, though not 
very exact with respect to the thickness of the soil layers, were regarded 




Figure L—Appearance of centrifuged Ca- and Na-treated soils after drying: 
A and /i, (a) Na soil 10 and (6) Na soil 7 after centrifuging and drying; (a) 
Ca soil 10, {h) Na soil 7 with clay layer removed, exiiosing white calcareous 
silt la 3 ^er. 

as nonethclcNSS suited t-o iho purj^se. Difficulty from crumbling, 
such as was experienced with Ca soil 5, would have been encountered 
had the measurements been undertaken witli the coarser-textured 
Na soils. 

In conformity with the findings of Veihmeyer, Israelsen, and 
Conrad ( 32 ), who worked with untreated soils, it was found (table 4) 
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that the percentage of water in the Ca soils increased from the inner 
surface to the outer. The water distribution in each of the Na soils 
stands in contrast. With these the gradient was reversed. In three 
of the five Na soils over twice as much water was present in the inner 
layer as in the outer. 

Tablk 4 .—Effect of sodium on distribution of moisture in centrifuged samples 


Moisture content of successive indicated layers of soil from inner surface 
outward toward periphery of centrifuge in— 



soils 




Na soils 



()-2 

2-4 

I.ast 

layer 

Wei)jht- 

0-2 

2 4 

4-6 

T.ast 

layer 

WeiKlil* 

iriilli- 

miUi- 

ed 

mllli- 

Ulilli' 

niilli- 

ed 

met ere 

meters 

meau 

meters 

meters 

meters 

mean 

Prreent 

Percent 

Percent 

Prreent 

Percent 

Percent 

Percent 

Percent 

Percent 





48.4 

34 4 

29 6 

27 8 

35. 1 

(') 

0) 

0) 


ni 8 

38. 4 

32 J 

28.4 

.36 2 



40.0 

30 0 

34 2 

20 9 

35. 5 





00 5 

54.3 

48.0 

40 4 

.55.0 

10.8 

21 5 

22 7 

20 8 

• 94 4 

55 7 

50. 9 

44.2 

55.5 





76 0 

57 5 

55 0 

47 9 

.57. 8 

/ 21 T) 

1 21 2 

22 1 

2 

22 2 

r»2 li 

39.1 

34 3 

31 6 

:i8 2 

22 1 

22 2 

21 8 

r.2 1 

39 1 

34 3 

3! 5 

38 1 

/ Ifi 

1 16.8 

16 4 

17. 1 

16 6 

6:t 3 

24 0 

22 2 

22 0 

.30 8 

17 0 

1 17 H 

17.0 






/ 20 0 
( 20 7 

20 2 

20 T) 

20 2 

78 4 

: 33 0 

29 5 

27 2 

:t8 3 

20 1 

! 20 0 

20 6 




i 



> f’runihled. 

Ill considering cffecis ii is nc^cessary to take into account oin* 
of tJie important cJiaiacteristu^s of tlie inoislure-equivakMit determina¬ 
tion. The centrifugal forc(‘ of J,0()() times gravity is applied not alone 
to the water, but^ also to tlie soil particles. As plaecMl in tlie centrifugal 
drum, Na soils contain much water and being dispersed an excellent 
condition is provided in the plastic masses of the fine-toxtured soils 
for particle segregation. The large particles of Na soils, in accordance 
with Stokes^ law, tend to migrate toward the periphery, displacing 
small particles toward the axis of rotation. The mass of the finer- 
textured Na soils being somewhat impermeable, a part of the water, 
which has a specific gravity below that of hydrated clays, is displaced 
toAvard the axis of rotation and collects on top of the clay. Accom¬ 
panying this inward displacement of water there is a further sorting of 
clay and silt particles by size and specific gravity, giving rise to segre¬ 
gations such as are illustrated in figure 1. Continued centrifuging of 
Na soils beyond the 30-minute period resulted in some further loss of 
water, but the rate of movement of water out of the soil was so slow^ as 
to eliminate the possibility of removing surface w^ater by any reason¬ 
able period of centrifuging. 

EFFECT OF ADSORBED SODIUM ON THE MOISTURE EQUIVALENT OF THE 12 SOlUS 

The moisture equivalents of each of the 12 (>a and Na soils are 
shown in table 5. In this table there are also shown the clay content 
and exchange capacity of these soils and the adsorbed sodium of the 
Na soils. 

The moisture equivalents of soils 279, Gold Kidge sandy loam, and 
278, Aiken clay, were decreased by treatment with sodium. Soil 279 
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highl 3 r siliceous, contains little clay^, and lias a low exchange capac¬ 
ity. Soil 278 is of basic igneous origin, and although it has an appar¬ 
ent clay content of 37.4 percent it possesses few clay properties. The 
volume weight of this soil is only 1.09, and the ultimate soil particles 
are irregular in shape, porous, and easily broken. It seems probable 
that the indicated high clay content may be more apparent than real, 
since in the mechanical analysis the settling rates of many of the 
larger fine particles would be slow enough to cause them to be drawn 
off as clay. Andeison (!) found the moisture equivalent of the col¬ 
loidal fraction of a lateritic soil to be unaffected by sodium treatment. 


Table —Effect of adsorbed sodium on the moisture equivalent 


S'oil Nc. 

Moisture t*<iuivalont 

t’lay less 
than 
0.002 
mill. 

E.x(;haDg;e 
capacity 
jier 100 
gm. 

Adsorlxid sodium 
per 100 gni. 

('ll soil 

Na soil 

Incroa.sf* 
in Na 
soil over 
Oa soil 







Mini- 

Percent 





Percent 

eqtitmlenlit 

equmUents 

of total 

279 . 

10 2 

9 4 

. . - 

t) 5 

3 34 

2.44 

73.1 

i -- 

0 2 

10.2 1 1.0 

5.9 

4 82 

3 04 

62.7 

4 . 

11 2 

15 5 

4 3 

9 2 i 

7.13 

3.90 

55.5 

2. . ... 

11 « 

10 0 

4 7 

9 h 

S 54 

4.44 

52.0 

U . . , 

i 13.3 

Zi 2 

9 9 

9 1 

H 02 

4.KH 

60.8 

. 

, 14 n 

»33.0 

IH 5 

12 0 

j 9.32 

0.10 

66 1 

9 - ..... 

‘ IH (• 

1 34 0 

15.4 

> 25 7 

1 14 05 

8.87 

63 1 

5 . . ... 

i 21 U 

» 37 5 

15 0 

i IS. 4 

16 46 

S.17 

49 6 

10 

I 21 4 

M2.9 

21 rt 

! :«) 1 

15 8:i 

12.24) 

77.4 

M . 

: 22 0 

M3.7 

21 1 

! 21.0 

14 82 

7.79 

52.6 

i 

22 1 

* 57 4 

35 3 

27 3 

20 00 

12.75 


27H . 

■ ;u 0 

30.1 


2<i 0 

14 77 

' 2.31 

15 0 


I Kn*<' wnt(T on .soil (•enlTifiiinng. 


Tlu- soils are listed (278 excepted) in the order of increasing Na soil 
moisture equivalents (table 5). Tending to parallel this order, there 
an*, increases in the difl'erence between the (’a soil and Na soil moisture 
(K|uivalents, in clay content, in exchange capacity, and in adsorbed 
sodium. A closer parallelism would scarcely bo expected when ac¬ 
count is tak(>n of the variations in the size of clay particles here grouped 
as less than 0.002 mm., in the hydration characteristics and exchange 
capacity of different clays, and the differences in soils with respect 
to particle segregations in the centrifuge. The conclusion obviously 
follows that the moisture equivalent of soils reflects not only mechani¬ 
cal composition as determined by standard analysis but also soil 
structure as influenced by the kind and quantity of the adsorbed 
cations. 

The effect of adsorbed sodium on the moisture equivalent is regarded 
as being consequent to three coincident factors: Hydration, dispersion, 
and the segregation of a relatively impervious layer of clay on the 
surfaces of some of the soils. Hydration contributed to the results 
both because of the tightly held water and because of such relation 
as hydration may bear to impenneabihty. Dispersion increased the 
free surfaces and thereby the water rctentiveness of the soils. 
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THE MOISTURE EQUIVALENTS OF CALCIUM-TREATED SOIL AND SODIUM-TRBATED 

SOIL MIXTURES 

When the Ca and Na soils were mixed in equal proportions by pro¬ 
longed rolling in a sheet of paper, the resulting moisture-equivalent 
values tended to approach in magnitude the Ca soil values more nearly 
than the Na soil values (table 6). 

Table Ct^-The moisture equivalent of mixtures of calcium- and sodium-treated sods 


Moisture e<iuivalent of indicated percentage mixture of Ca soil and Na soil > 


non 1 

l(K)/0 

90/10 

80/20 

70/30 

00/40 

mim 

40/00 

30/70 

20/HO 

10/90 

O/KK) 

270 - 

10 2 


T 



10 0 

IT 




9 4 

1 . 

0 2 





10 1 




_ 

10.2 

4 . 

11.2 





13 0 





15 5 

2. 

11 9 



_ _ 


12 7 



_i 


ill 0 

_ 

13. a 

13 2 

13 H 

ia 3 

14 0 

i.n 1 

15. 0 

17.7 

18 8 

20 4 

2:1. 2 

'A _ 

11 A 





17.2 


__ 



» 33 n 

0_ . . 

18 0 
21 9 

21 3 

21 H 

22./i 

’ 22 '5 

22 2 
2.1.4 

‘ 25 2 

"20 9 

30 2 


! 34 0 

* 37 5 

10 . 

21 4 

21 0 

21.7 

22.3 1 

24 0 

*27 2 

* 30 5 

2 .'43. :t 

2 37 7 

» 41 3 

*42 9 

H 

7 - 

22 0 
22 1 

"21 9 

22 8 

1 

27.0 

27 0 
30 (> 

* 38 4 

a 41 0 

a 45 5 

*54 8 

a 43 7 
* .57 4 

27K 

33 0 


— 

23 9 j 

j 

31.0 

- - 

- 


: - ! 

:io 1 



_ 











I Nuinerator=»Ca soil; denominator -^ Na soil. 
Free walcr on soil after rentrifuging. 


The fact that sigmoid moistun^ e(|iaviil(*Jit curves result nvIuui Cn 
and Na soils are mixed in the successiv(‘- proportions shown in (igiiri^ 
2 would indicate that the relation between adsorbed sodium and either 
or both hydration and dispersion is not a lim^ar one. Some of Katner’s 
data (IS) on tln^ dispersion of clay suspensions by adsorbed sodium 
also yield a graph with slightly sigmoid characteristics. Bodman and 
Mahmud (;^) found a straight lino relation between the moisture 
equivalents of successive mixtures of sand and clay. The migration 
and accumulation of clay and water on the surfaces of the soils shown 
in figure 1 unquestionably influenced the shape of the curves. In the 
soil mixtures where calcium greatly exceed sodium there was little 
dispersion and, without dispersion little migration. The fact that 
the upper portions of the curves of soils 7, 10, and 5 are flattened is 
due in part to the free water. The quantity of free water was ob¬ 
served to increase with the proportion of the Na clay in the mixture. 
The upper part of the curve soil 6 is not flattened and this soil had 
no free water on the surface of any of the samples. 

The first evidence of a significant increase in the moisture equivalent 
of soil 6 occurred in the 60/40 mixture, corresponding to 1.9 milli- 
equivalents of adsorbed sodium per 100 gm. of soil. The moisture 
equivalents of soils 5 and 10 appear to have been increased slightly 
by the substitution of 30 percent of Na soil, corresponding respectively 
to 2.4 and 3.6 milliequivalents of adsorbed sodium. The moisture 
equivalent of soil 7 was increased by the substitution of 20 percent of 
the Na soil, corresponding to 2.5 milliequivalents of adsorbed sodium. 
It seems from these limited data that the moisture equivalents of soils 
are not measurably affected by less than 2 milliequivalents of adsorbed 
sodium. 

The maximum effect on the moisture equivalent was approached 
in soils 5, 10, and 7 with, respectively, 8.17, 12.26, and 12.76 milli¬ 
equivalents of adsorbed sodium, corresponding to 49.6, 77.4, and 63.8 
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percent of sodium in the exchange complex. The maximum effect 
on the moisture equivalent of soil 6 was not reached or apparently 
approached with the 4.9 milliequivalent of adsorbed sodium in the 
0/100 mixture. 



Ca SOIL/NaSOIL (percent mixture) 


Kkujue 2. —The moisture equivalents of various mixtures of different soils that 
had been treated with calcium and sodium. 

THE MOISTURE EQUIVALENT OF SODIUM-TREATED SOILS WET WITH STRONG 

ELECTROLYTES 

Soil colloids, irrespective of the character of the adsorbed bases, 
are flocculated when suspended in solutions of strong electrolytes. 
It follows that adsorbed sodium should be without effect on ^e 
moisture equivalent when samples are wet with a strong salt solution 
rather than with distilled water. The results of measurements made 
on each of the 12 sodium-treated soils as wet with normal calcium 
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chloride, and where suiSicient soil was available, with normal sodium 
chloride, are reported in table 7. It is to be observed that the 
moisture eaiiivalents of the Na soils wet with those solutions tended 
to be equal to, or sliiyhtly lower than, the moisture equivalents of 
Oa soils wet with distUled water. 


Table 7. —Moisture equivalents of Na soils wet with normal CaCU and KaCl solutions 


Soil No 


279 


1. 

4_ _ 


2 

6. _ . 

3_ 

9__.. _ 


f) 



10 , _ , . 

8 _ . . 

7 

27H . .. 

Averaiie. 


113oloriniTJf'(l on two 10-gm. samples (values. 26 6 
Israelseri, and Conrad table Ufig. /) to ba.« 


Moisture equivalent of— 

Na soil wet with nor- 

Soil wet with distilled 

mal— 

water in usual manner 

CaCh 

NaCl 

Ca soil 

Na soil 

10.2 

9.4 

10.2 

9.4 

10.0 

9.8 

9.2 

10 2 

11.6 

10.2 

11.2 

15.5 

10.0 

12 0 

11.9 

16 6 

13 6 

13.1 

i;i.a 

23 2 

H 2 

14 2 

H..*) 

33.0 

18 5 

J8 2 

18.6 

34 0 

1 20.7 


2> 9 

37. 5 

21 4 

21 i 

21 4 

42.9 

; 22 0 

22 rj 

22. 6 

43 7 

20 0 1 

1 

22.1 

57 1 

29.7 1 

29.6 

.33,0 

30 1 

; 17 0 1 

. - 1 

17. f) 

29 5 


2.'>9 pcrcenl) and mteri>olaiCMl ufler Vcihineyer, 


Tt is suggested by these results that th('- moisture equivahuit. of field 
soils if determined comparativdy (1) as wet with distilled watcT and 
(2) as wet with normal CaClo or NaCl should provide' an index to 
sodium-induced dispersion and hydration and by inference to nulueed 
permeability from these causes. If saline, the moisture equivalents 
of Na and Ca soils as taken from the field should be similar. A third 
and companion measurement is accordingly necessary for a practical 
utilization of the moisture equivalent as an index to adsorbed sodium, 
namely, the moisture equivalent of the soil deterxiiininl after most of 
the readily soluble eleetrolytes have been removed by washing and 
extraction with filter candles. The moisture ('(juivalent so us<5<l 
should provide a practical index, both to the presence of substantial 
amounts of adsorbed sodium in field soils and to the cons<*quen< 
changes in the permeability characteristics that would be expc^cted 
to accompany reclamation with nonsaline waters. 

The similarity of the moisture equivalents of Ca and Na soils wet 
with strong electrolytes would seem to eliminate the possibility that 
the effect of sodium on the moisture equivalent of soils should be 
attributed to puddling or the mechanics of handling prior to the 
measurements. 

An observable redistribution of soil separates did not occur when 
the Na soils were wet with strong electrolytes, indicating that the 
electrolytes increased the attractive forces between particles suf¬ 
ficiently to check migration and the displacement of light particles 
toward the axis of rotation. The surfaces of the Na samples wet 
with either of the normal salt solutions resembled the surfaces of 
the Ca samples, and in no case was free water present on the surface 
after centrifuging. 
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The laboratory measurement of the permeability of soils, even on a 
relative basis, has proved to be a difficult problem in many hands, 
but some promise of progress is afforded by other measurements 
wherein sous were leached with solutions of the same composition as 
their own displaced solutions. The use of such solutions minimizes 
base exchange and the associated effects on dispersion during suc¬ 
cessive leachings. By using this procedure creditable agreements 
have resulted between quadruplicate samples, and the hour-to-hour 
changes ^in rate of percolation so often characterizing other per¬ 
meability measurements have been greatly reduced. 

EFFECTS OF CALCIUM, MAGNESIUM. POTASSIUM, AND SODIUM ON THE MOISTURE 
EQUIVALENT AND.HYGROSCOPICITY 

The comparative effects of Ca, Mg, K, and Na on the moisture 
equivalent of soils have been studied only by Anderson (J), and he 
confined his work to the colloidal fraction. It seemed highly probable 
that Anderson’s results might be applied to soils in general, but the 
significance of the relationships was regarded as sufficiently important 
to justify independent measurements. The question involved that 
ties in most closely with irrigation considerations was whether there 
was ample reason for regarding calcium and magnesium as ahke in 
their physical effects on soils and, if so, whether such potassium as is 
found in irrigation waters should be classed with the calcium and 
magnesium or included with sodium in the calculation of the sodium- 
total base ratio (percent sodium). 

The treatments e.mployed in the preparation of the soils used for 
these experiments, as described earlier in this paper, were more drastic 
than those used in prejiaring the Ca and Na soils. Extensive prediges¬ 
tions were made with ammonium acetate and ammonium hydroxide, 
which were designed to reduce all soils to a common ammonium base 
and to remove calcium carbonate and humus, but these digestions 
were not carried to the ultimate end points. Calcium was found in the 
final ammonium acetate extractions of all soils and humus appeared 
in some of the first washings of the K and Na soils. Presumably all 
of these soils approached complete saturation with the respective 
))ases, but no measurements were made. Distilled water washing was 
continued until the chloride concentrations of the final suspensions 
w<‘,re less than 5 millicquivalents per liter. 

The moisture (equivalents of these soils are compared in two ways, 
(/) when wet with distilled water and (2) when wet with 0.02 noimal 
chloride solutions of the bases corresponding to those adsorbed. The 
averages of triplicate moisture equivalent measurements arc reported 
except in occasional instances when one of the three values was out of 
line with the other two. 

The moisture equivalents of Ca and Mg soils are found to be similar 
(table 8) and nearly always less than the K soil. The effect of the 
sodium ion in this experiment, as in the preceding one, is outstanding, 
a number of the Na soils yielding moisture equivalent values twice 
as great as the Ca soils. This is essentially the effect which Anderson 
(1) obtained, but in his series, as in this one, there was one colloid, in 
addition to the laterite, upon which sodium had little or no effect. 

In the presence of 0.02 normal electrolyte, the moisture equivalents 
of the Ca and K soils were reduced a little, but a consistent effect is 
not shown in the Mg series. The effect of the 0.02 electrolyte on the 
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Na soils is marked, but the values arc nearer to the Na soil values than 
to the Ca soil values. From the standpoint of considerations related 
to the effects of irrigation waters on soils, it seems appropriate to 
group calciuxn, magnesium, and potassium ions together and to differ¬ 
entiate these from the sodium ion. 

Table 8. —Moisture equivalents of Ca, Mg^ K, and Na soils wet with distilled water 

and 0.02 normal electrolyte 


Moisture equivalent of soil— 


Soil No 

Wet with water 

Wet with 0.02 normal electrolyte 

j Gasoil 

Mr soil 

K soil 

No soil 

j Ca soil 

Mg.soil 

K soil 

Na soil 

279.-.-. 

! 9.7 

10 6 

9 7 

10.5 

9.7 

10.7 

9 2 

10.0 

1.... 

9.4 

9.8 

10 1 

10 0 

8.9 

9.3 

9.2 

10 8 

4... 

11 7 

11.0 

11 1 

15 7 

11..3 

11.3 

10.3 

15.4 

2.. . . 

10 9 

10, a 

11.0 

15 5 

10.6 

11 3 

10 3 

1.^2 

6_...... 

1 12 7 

12.9 

i:i.o 

IS 8 

12 2 

12 8 

11.8 

10.4 

S... .. 

14 0 

14.2 

i.*. 2 

fi 

1.3 2 

14 2 

1.3.9 

20.6 

9... 

1 19 1 

19 9 

20.1 

! j.3.3.7 

19 1 

20 1 

18 5 

1 «.30 7 

n ... . 

1 20 8 

22.0 

2.1 7 

t > 4r., 0 

21.1 

21.4 

22 8 

:io. 4 

10.... .. 

2:1 9* 

2 : 1.0 

2fi ft 

« rt‘2 2 

2:1 9 

22 0 

24 3 

147.4 

«. 

21. :i 

2*1 8 

20 r» 

1 02 ^ 

22 6 

23 8 

25 2 

.39 5 

7 

22 9 

2:1 « 

1 24 4 

> 85 

21 8 

2:1 3 

22 fi 

» .54 8 


I 

.30 1 

:i4 f» 

:i2 4 

.3.5.2 

:i5.2 

Mi 7 

'Mi. 6 

A vorape . 

17 9 

I 18 1 

18 8 ! 

'Mi H 

17 5 1 

18 0 

17 6 

27. 0 

AvoraRc olTcct of electrolyte ... 

— - 

1 

-■ 1 

‘1 


- I 

-1 2 

-6 8 


• Fro© water on soil after centrifuging. 


Tlu'. influence of the kind of adsorbed bast' on tin* bygroscopicity 
of soils was investigated as an incidental featurt' of the inquiiy by 
the following procedure. The three oven-dried moist urc-e(|uivah‘nt 
samples of each of the soils of the experiment reportt'd in tabh' 8 wort* 
ground and mixed. From each of these, two 25-gm. sam])les were 
weighed out and placed on 4-inch watch glasses and exposed on optm 
shelves in a closed concrete basement vault for 15 days. The atmos- 
phc're in this vault was humidified by a fan directed into a group of 
wet towels suspended from a vessel of water. The same fan main¬ 
tained a good circulation of air throughout the room and over the 
soils. The average tcunperaturc in this vault, as recorded by a tlu'r- 
mograph during the period of the experiment, was20.3° C. (during tln^ 
15-day period the maximum was 21.1° and the minimum 18.8°). 
The average relative humidity during the first 7 days was about 72 
percfuit and during the last 8 days it was 84.1 percent (lowest 81.0 
and highest 90.0) as determined twice daily with a sling p.sychrometer. 
The partial pressure of water in an atmosphere of 84 percent relativf' 
humidity at 20.3° C. is 1.9 cm. Each soil was stirred daily and left 
ridged to give as great a surface as possible. Starting on the 12th 
day, selected samples were weighed twice daily until the 15th day by 
wliich time the variations were negligible and the gains equaled the 
losses The samples were then placed in bottles, and their moisture 
content was determined by weighing them before and after oven- 
diying at 105°-“! 10° C. In considering these data, account should be 
taken of the fact that they are wetting data in contrast with the drying 
curves represented by the wilting coefBcicnt and ultimate wilting- 
point results presented in figure 3. 
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Table 9. —Hygroscopicity of oven-dried Ca, Mg, K, and Na soils when in equilibrium 
with an atmosphere of 84 percent relative humidity at C. 


Hyffroscoplclty of oveo-driod soil— 


Soil No. 


Previously wet with distilled 
water 


Previously wet with 0.02 nor¬ 
mal electrolyte 



Ca soil 

Mg soil 

K soU 

Nasoil 

Ca soil 

Me soil 

Ksnil 

Na soil 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

279 .. .. 

0.93 

1.02 

0.81 

0.H7 

0.94 

1 14 

0.93 

0.86 

1... 

.90 

1.04 

.81 

.92 

.99 

1.07 

.80 

.98 

4.-__ 


l.e.5 

1.28 

1 30 

1.65 

1.73 

1.17 

1.54 

2.. 

1. 75 

1.81 

1.27 

1.46 

1.78 

1 91 

1.35 

1.77 

ft... 

2.24 

2.14 

1.63 

1.95 

2.15 

2.2:1 

1.60 

1.97 


2.41 

2 31 

1.78 

2.22 

2.34 

2.42 

1.91 

224 

9. 

3.75 

3 90 

2.98 

3.15 

3.87 

4.18 

3.02 

3.75 

5... 

4 23 

4.37 

3.15 

3.90 

4.27 

4.52 

3.23 

3.94 

10.-.-.- 

4.74 

4 70 

3.80 

4.53 

4.98 

4.94 

3.97 

4.85 

8.. 

3.94 ] 

4.12 

.3.13 

4.20 

4.24 

4.16 

3 20 

4.25 

7.-. 

5.18 

5.42 

.3.81 

4.67 

5 29 

5.62 

3.73 

4.76 

278 .-. 

7.42 

8.06 

7.51 

7.8ft 

7.50 

8.14 

7.82 

7.57 

Average. 

3.26 

3.3.H 

2.66 

3.09 

3.33 

3.51 

2.73 

3.21 

Average effect of electrolyte 





-f.07 

-f.13 

•f 07 

+ 12 


At the end of the absor]>tion period the theoretical concentration 
of electrolytes in the moisture held by the soils previously treated with 
0.02 nonnal salt solutions is represented by the relation: Moisture 
equivalcnt~5-hygroscopic moisture X 0.02. Solution concentrations 
are indicated as high as 232 milliequivalents per liter in Na soil 279 
and as low as 82 milliequivalents in Ca soil 7. 

The electrolyte' increased hygroscopicity in nearly every com¬ 
parison (table 9), and its average effect, though small, was nearly 
th(' same for each of the four bases with which the soils had been 
treated. 

Calcium-treated soils, in keeping with the findings of Anderson (/) 
and with thosc^ of Thomas (19) at the latter's higher vapor pressures, 
adsorbed more moisture, than did sodium-treated soils. Except for 
a few determinations (table 9), the magnesium values are slightly 
higher than tlu' calcium values. Potassium is the low member of the 
serit's. Na soils adsorbed less moisture than did (^a or Mg soils but 
more than K soils. The order both with and without electrolyte is 
K<Na<Ca'.^Mg. These results will be referred to again in the final 
s(»ction. 


VVAILABILITY OF SOIL MOISTURE IN (.'AUUUM-TREATED AND SODIUM-TREATED 

SOILS 

The wdlting-co(‘fFicient and ultimate wilting-point measurements 
(tables 10 and 11) show' that the moisture in Na soils is less available 
(o plants than that in C^a soils, and in nearly all instances the differ- 
(‘nc(‘8 are substantial. The diff(*rences between the Ca soils and Na 
soils (lecrease as the moisture content is reduced from the wilting 
coefficient to the ultimate wilting point. 

The wilting coefficients and ultimate wffiting points of soils 278 and 
279 were not changed appreciably by the sodium treatments, and 
these soils, which adsorbed little sodium, showed no positive sodium 
effects in the moisture-equivalent comparisons. Through the remain¬ 
der of the series there is a strong positive relation between the effect of 
sodium in increasing the moisture equivalent and in increasing the 

274523—40-2 
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13 plants in Xa soil 4 dieri before wilting and the reraainiae 3 were m poor condition. 
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wilting coefficient and the ultimate wilting point. I^e coefficient of 
correlation between differences at the moisture equivalent and ulti¬ 
mate wilting points of Ca and Na soils for soils numbered 1 to 10 is 
0.76±0.09, which can be regarded as an indication of the operation 
of at least some of the same causal factors in the two moisture zones. 


Table 11 .—Summary of moisture equivalents, uniting coefficients, and ultimate 
wilting points of washed, Ca, and Na sous 



Moisture equivalent 

Wilting coeflScient 

Ultimate wilting point 

Soil No. 











Washed 

Ca 

Na 

Washed 

(^a 

Na 

W’^ashed 

Ca 

Na 


soil 

stnl 

soil 

soil 

soil 

soil 

soil 

soil 

soil 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

279... 

10.1 

10.2 ! 

9.4 

3.6 

3.6 

4.2 

3.2 

3.1 

3.3 

I 

10.1 

0.2 

10.2 

3.6 

3.7 

4.6 

3.3 

3.6 

4.0 

4. 

11.2 

11.2 

15.6 

6.1 

4.7 

I 8 6 

4.7 

4 5 

I 6.3 

2. 

11.5 

11 9 

16.6 

6.3 

6.6 

8.6 

4.8 

4.8 

6.1 

(i. 

13.1 

13.3 

23.2 

6.6 

6.7 

7.8 

5.2 

5.2 

6.8 

3. 

13.0 

14.6 

33 0 

6.2 

5.8 

9.7 

6.8 

6 5 

7.0 

9...-.-_ 

18.1 

18.6 

34.0 

10 0 

10.2 

11.8 

9 6 

9.8 

10.3 


21.2 

21,9 

37.6 

9.9 

9.8 

14.6 

9 2 

9 2 

10.9 

10.. 

22.2 

21.4 

42.9 

12 3 

12 0 

16.6 

11.5 

11 1 

12 7 

8 .. .. -. 

23.3 

22 6 

43.7 

10 2 

1K7 

13.7 

9.8 

10 4 

11.8 

7 . _ ....i 

Xi 9 

22 1 

57.4 

ll.f) 

11.4 

16.8 

10.9 

11.0 

13.5 

. 

32 9 

33.0 

30.1 

21.9 

22.0 1 

22.4 

21.0 

21.2 

21.5 

Average.. . 

17.0 

17 5 

29.5 

8 8 

8.8 

11.4 

8.3 

8.3 

9.4 

Average of soils 1 to 



1 







10, omitting 4... 

17. 5 j 

17.3 

33 2 1 

1 

8.3 

8.4 

11.3 

7.8 ! 

i 

7.8 

0.2 


> 3 of the 6 original plants of Na soil 4 died before wilting and the remaining 3 on which the average is based 
were in poor coudifhm. 


B(‘forc continuing the analysis of the. results from the standpoint of 
the soil, the possibility of ditft'renet's between the plants grown in Ca 
soils and those grown in Na soils that might ath^ct Ihf'ir ability to 
utilize* soil moistun* should be canvassed. McG(*orge and Breaz(‘ah* 
(/i^) hav(» (considered oxygten defiohmey as a factor n^sponsibhi for llu* 
wilting of plants in puddled soils. Soiik' support for the idea that jiud- 
dling, as ordinarily considered, was not an im])ortant factor con¬ 
tributing to the results of the present work is provided by tin* facts: 
(1) That whether measured in the dry state, in the moist ure equivalent, 
cups after centrifuging, or in the waiting coefficient cans, the volunu's 
of tlie Na soils were greater than the volume's of the C^a soils; and (2) 
that wht'ii the Na sous were wet with strong ('lectrolytes, the luoistun* 
(‘quivalent values were nearly the same as those* of the Ca soils. 

The distribution and the abundance of roots were examined with 
considerable care both in representative cans before oven-drying and 
afterwards as th(^ successive cans were emptied for grinding and mix¬ 
ing. Differences were not found, but no examinations were made of 
the comparative abiindanci' of root, hairs. If there had been few^er 
i*oots, or a poorer distribution of roots in th(' Na soils than in the Ca 
soils, wilting would be expected to have occurred at a higher moisture 
content in the Na soils. 

It may hii assumed that the solutions of the Na soils contained sub¬ 
stantially lii^her concentrations of sodium ion than did the solutions 
of the Ca soUs. It is accordingly possible that physiological distinc¬ 
tions should be drawn between the two sets of plants, but so little is 
known about sodium effects on tissue structure that discussions cannot 
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be carried far in this direction. As distinct from the Ca roots grown 
on Ca soil, roots grown on Na soil may have been more highly hy¬ 
drated and water uptake by them conceivably could have been im¬ 
peded, but such an effect has never been demonstrated. In some 
earlier sand-culture experiments in which plants were grown on nutri¬ 
ent solutions liigh in calcium chloride and high in sodium chloride, 
respectively, the plant material from the sodium solutions when placed 
on a Buchner funnel, after drying and grinding, took up and held 
relatively large quantities of water and could be leached only with 
difficulty, whereas the calcium plant material behaved m a normal way. 
The question of whether sodium affects the uptake and movement of 
water in living plants must be regarded as speculative and there is no 
present basis for a conclusion. 

CAPILLARY POTENTIAL 

The term '^availability’^ as phrased by Richards ( 14 ) involves two 
notions, namely, (1) the ability of the plant to absorb and to use water 
with which it is in contact and (2) the readiness or velocity (6, 14) 
with which the soil moisture moves in to replace that which has been 
used by the plant. At any given point in the soil water, the capillary 
potential is numerically equal to the hydrostatic potential and below 
saturation the quantity is negative. The tension of the soil water at 
a given capillary potential may be expressed as the length of the 
suspended water column necessary to produce that tension. The 
rates of water movement tluough a soil for a given potential difference 
will not be the same in different soils, in the same soil at different 
capillary potentials, or in the same soils as here differentially treated 
with calcium and sodium. Furthermore, the moisture at the wilting 
coefficient cannot be regarded either as being uniformly distributed 
throughout the soil mass or as being in static equilibrium with the 
plant at wilting. In the wilting range, the plant-soil system is a 
dynamic one and water withdrawal is continuous, though at a decreas¬ 
ing rate, to the death point. 

The present experiments were so conducted as to yield values for 
each Ca and Na soil at each of three moisture levels, and to each of 
those moisture levels it is possible to assign at least an ap])r()\imal(' 
capillary-potential value. Schofield and Botclho daCosta (10), from 
freezing-point-depression measurements of their own and c.al(*ulations 
from vapor pressures and seed-absorption measurements of others, 
have computed the pF value of soils (the logarithm of the equivalent 
capillary tension expressed in centimeters of water column) at the 
moisture equivalent and at the wilting coefficient. These values 
ranged from 2.5 to 3.3 for the moisture equivalent and from 4.02 to 
4.40 for the wilting coefficient. From the foregoing data, the writers 
elected to assume an intermediate value of 3.0 for the moisture equiva¬ 
lent and to take Schofield’s average value, 4.24, for the pF value at. 
the wilting coefficient. The problem remained of obtaining a suitable 
value for the ultimate wilting point. By relating the average change 
in moisture content between the wilting coefficient and the ultimate 
wilting point of the writers’ calcium soils to the corresponding average 
changes in pF values for like moisture changes in the Schofield and 
DaCosta Botelho graphs, a pF increment of about 0.16 was indicated. 
If this is added to the pF value of the wilting coefficient, approximately 
4.40 is obtained for the pF value of the ultimate wilting point. For 
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the purposes here served it is not necessary to assume that pF 3.0 
represents the best moisture equivalent value for any soil or for the 
writers^ soils as differentially treated with calcium and sodium. The 
moisture content values of certain Na soils that have been centrifuged 
by standard moisture equivalent procedures are not rraresentativc 
of the moisture tension conditions corresponding to a pF value of 3. 
If other pF values had been used for the moisture equivalent, the 
wilting coefficient, or the ultimate wilting point, the slopes of the 
curves (fig. 3) would have been altered but not their general character¬ 
istics. 

Figure 3 shows moisture percentage (dry basis) plotted against pF 
for Ca and Na soils: soil 6, a sandy loam; soil 7, a clay; and the av(‘r- 



Figure 3.—Soil-iuoisturc and pF values of different soils that had been treated 

with calcium and sodium. 

age of the nine soils that showed sodium effects on the moisture equiva¬ 
lent, excluding soil 4, the waiting data for which were not regarded as 
very accurate. The Ca and Na graphs of corresponding soils are 
widely separated at the moisture equivalent, but approach each other 
as the moisture content is decreased, and intersect at a moisture 
content somewhat lower than the permanent waiting percentage. 

From the fact that the Ca and Na graphs intersect, it follows that 
Ca soils should have higher hyposcopic coefficients than the Na soils 
in atmospheres substantially below saturation. This finding is in 
accord with the writers’ results (table 9) and those of others. 

In keeping wdth these measurements, it is to be observed that 
Thomas’ (19) vapor pressure curves of Ca- and Na-treated soil 
materials intersected; Ids Na-treated materials having had a higher 
moisture-absorbing capacity than his Ca-treated materials from very 
moist atmospheres and lower from the drier atmospheres. Freezing- 
point data in a paper by Schofield (15) on the penetration of diffuse 
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double layers mav likewise be construed as anticipating the findings 
of the writers. Those data when extrapolated into the lower moisture 
range beyond that over which freezing-point measurements are 
possible also indicate that water is more closely held by an Na soil 
than by a Ca soil. If extended yet farther the two curves would 
intersect. 


MOISTURE EQUIVALENT-WILTING COEFFICIENT RATIOS 

Conclusions with respect to the effect of sodium on tBe ratio of mois¬ 
ture equivalent to wilting coefficient are made difficult by the fact 
that free water on the surface of many of these soils after centrifuging 
caused the observed values to exceed what might be regarded as the 
true values. For Ca soils 1, 2, and 4 these ratios are 2.5, 2.2, and 2.4, 
respectively, and for the same Na soils 2.2, 2.0, and 1.8. This suggests 
that sodium tended to narrow the ratios by raising the wilting coeffi¬ 
cient relatively more than the moisture equivalent. 

Treatment with sodium increased neither the moisture equivalents 
nor th(^ wilting coefficients of soils 279 and 278. These soils are of 
interest, however, for other reasons. The Gold Ridge sandy loam, 
279 untreated, has a moisture equivalent-wilting coefficient ratio of 
8 .0, whereas the Aiken clay has a ratio of 1.6. In the opinion of the 
writers much of this divergence can be accounted for on the basis of 
the properties of the ultimate soil particles. The Gold Ridge soil is 
highly siliceous and the faces of most of the soil particles tend to be 
smooth, indicating that a large part of the water retained by the soil 
is exterior to the ciystalline surface. A sample of Exeter sandy loam 
supplied by J. C. Johnston from near Visalia, Calif., had a moisture 
equivalent nearly four times as great as its wilting coefficient. The 
siliceous crystalline character and smooth faces of the particles of this 
soil were more outstanding than in the Gold Ridge soil. The par¬ 
ticles of the lateritic Aiken clay, on the other hand, are higlily porous 
and much water is retained, both against gi’avitationaT force and 
plant uptake, as closely held interstitial water, i. e., water within 
capillary pores. It is obvious that interstitial water retained by a soil 
both at the moisture equivalent and wilting coefficient would reduce 
the proportion of moistiu’c-cquivalent water available to the plant. 
The interplanar water of a number of soil colloids represents a third 
type of retention, but the question of availability of such water to 
plants and its relation to sodium is obviously complex. Much of 
it is released to the soil atmosphere as the moisture content of the soil 
is reduced. 

DISCUSSION 

Whether the consequences of the state of aggregation or dispersion 
of the ultimate soil particles are more important in terms of water 
retention against centrifugal forces and plant uptake tWn forces 
involved in the hydration of Ca and Na days cannot be concluded 
from these data. Both are probably involved, and the combined soil- 
water tensions produced are reflected in the water-retention measure¬ 
ments. Dispersion may be consequent to hydration; if so, the two 
go hand in hand. 

The possibility cannot be eliminated that the differences in the 
availability of moisture in Na soils and Ca soils to plants represent a 
slower rate of movement through the former soils than through the 
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latter. In such case it would presumably follow that the soil zones 
away from the roots were relatively more moist in the Na soils than 
in the Ca soils, but with equally diy zones in Ca and Na soils at tiie 
root surfaces. The distances through which moisture must move to 
plant roots are relatively ^reat in terms of the thickness of the moisture 
mms at the wUting coefficient. In a soil in which a root or a root hair 
is situated at intervals of 1 tnm., the average distance of water move¬ 
ment is equivalent to 50 times the diameter of a 0.005-mm. silt 
particle. 

If water, in the wilting range, moves primarily by vapor flow, the 
pertinent distinction between Ca and Na soils in the present connec¬ 
tion becomes one of size of capillary pores through which diffusion 
must take place rather than thickness of water fims. Ca soils are 
characterized by a crumb structure with particle a^egates and voids 
that are large as compared with those of dispersed Na soils. Vapor 
diffusion through the Ca soils should accordingly proceed more rapidly 
(ban through Na soils. 

If moisture movement in the wilting range is primarily movement 
of film water, it follows likewise that such movement should be slower 
at a given moisture content in the thinner films covering dispersed 
particles than in those covering aggregates of closely adhering parti¬ 
cles. Water of hydration as such is probably not subject to movement 
except as it is vaporized into the soil atmosphere. 

Irrespective of possible explanations, the finding of immediate 
significance is that water in dispersed Na soils is less available to 
pmnts than that in Ca soils. 


SUMMARY 

The moisture equivalents of soils partially saturated with sodium 
were substantially higher than those of the same soils treated wi^ 
calcium provided most of the soluble electrolyte was removed. 

The average moisture equivalents of 12 well-leached Ca, Mg, K, 
and Na soils were Ca, 17.9; Mg, 18.1; K, 18.8; and Na, 33.8. The 
average moisture uptake by these soils when exposed (after oven 
drying) in an atmosphere with a relative humidity of 84 percent at 
20.3° C. was K, 2.66; Na, 3.09; Ca, 3.26; and Mg, 3.38 percent v 

A close parallelism was found for 10 soils between the effect of sodium 
on the moisture equivalent and the percentage of clay, the exchai^e 
capacity, and the quantity of adsorbed sodium. 

Adsorbed sodium had n^ative effects on the moisture equivalent of a 
soil high in silica and a negative effect on an Aiken clay which is 
lateritic; both soils had low cation exchange capacities. 

The moisture in centrifuged Ca soil samples increased from the 
iimer toward the outer surfaces. An opposite gradient was found in 
Na soils. 

Some migration and segregation of sand, silt, and clay particles 
occurred when the finer-textured Na soils were centrifuged, a higher 
proportion of large particles being observed in the outer portions with 
well-defined clay layers on the inner sinface. In certain of the soils 
water was also displaced toward the axis of rotation and remained on 
the surface after centrifuging. 

Rapid starting acceleration of the centrifuge gave higher moisture- 
equivalent values than slow acceleration. 
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Wetti:^ Na soils with normal calcium or sodium chloride solutions 
gave moisture equivalent values that were nearly the same as those of 
Ca soils. The moisture equivalent may therefore provide a measure 
of sodium-induced dispersion of field soils if comparisons are made 
between leached and unleached soils and soils wetted with a strong 
electrolyte. 

The moisture equivalent of mixtures of Ca and Na soils in successive 
proportions gave sigmoid graphs. The moisture equivalent was not 
significantly affected by less than 2 milliequivalents of adsorbed 
sodium per 100 gm. of soil and values approaching maximum were 
found when there were 12 milliequivalents or more of adsorbed 
sodium. 

Adsorbed sodium caused soil moisture to be less available to plants. 
The calcium and sodium averages of nine soils were, at the moisture 
equivalent, 17.5 and 29.5; at the wilting coefficient, 8.4 and J1.3; and 
at the ultimate wilting point, 7.8 and 9.2 respectively. 

Plotting moisture content against a pF scale, the Ca and Na soil 
graphs intersect at moisture percentages below the ultimate wilting 
point. This result confirms earlier work showing lower hygrosco- 
picity of Na soils than of Ca soils in drier atmospheres. 

It is suggested that interstitial water held within soil par tick's 
against both centrifugal and plant-uptake forces may account for the 
differences observed in the moisture equivalent-wilting coefficient 
ratios observed in different soils. 
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MODIFICATION OF DIURNAL TRANSPIRATION IN 
WHEAT BY INFECTIONS OF PUCCINIA TRITICINA^ 


By C. 0. Johnston, as»oeiate vathologist, Division of Cereal Crops and Diseases, 

Bureau of Plant Industry, United Stales Department of Agriculture, and E. C. 

Miller, plant physiologist, Kansas Agricmural Experiment Station^ 

INTRODUCTION 

Earlier investigations (4) ® on the effect of leaf rust (Puccinia trii- 
icina Eriks.) infection on the water economy of the wheat plant 
proved that heavy attacks of the disease greatly increased the water 
requirement of plants of a susceptible variety. It was observed that, 
while rust-free plants used a greater total amount of water, heavily 
rusted plants lost more than the controls per unit of dry matter. It 
also was noted that rusted plants apparently lost water more rapidly 
in proportion to their surface than rust-free plants. This suggested 
that leaf rust infection had cxmsiderable effect on the transpkation 
of tlie host plant and that this factor might lead to severe injury 
during a shortage of soil moisture. The experiments herein desenbed 
were designed to measure the transpiration of rusted and rust-free 
wheat plants and to determine its rhythmic nature. 

REVIEW OF LITERATURE 

Muller-Thurgau (7) studied the effect of various leaf spots on the 
transpiration of pear, melon, strawberry, and grape, but Blodgett (f) 
was the first to report (1901) on the effect of rust on the transpiration 
of a host plant. He observed that plants of a species of Rvbus 
attacked by Gymnoconia interstitialis (Schl.) Lagh. transpired nearly 
twice as much as rust-free plants. Montemartini (6), usmg cut 
twigs or shoots bearing rusted leaves placed in water covered with a 
thin layer of oil, observed that rusts on clematis, violet, rose of sharon, 
rye, and rose all increased the loss of water by the host plants. He 
also observed that certain leaf spots increased the loss of water by 
leaves of several other species of plants. Reed and Cooley (9), 
studying the effect of Gymnosporaiigium jvniperi-virginianae ^hw. 
infection on the transpiration of apple leaves concluded that it re¬ 
sulted in lower transpiration. Some diseased leaves were observed 
to have a water loss only one-fourth as great as comparable healthy 
leaves. 

Apparently the first experiments on the effect of rust infection on 
transpiration in wheat were conducted by Weaver {10), who reported 
that heavy rust infections greatly accelerated the rate of transpira¬ 
tion. Later, Weiss {11) recorded that stem rust infection increased 
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the transpiration of wheat plants but that the differences were not 
significant for leaf rust. 

Nicolas (5), using a method similar to that used by Montemartini, 
found that several rusts increased the transpiration of the host plants 
from 1.01 to 2.13 times. He also observed that certain smut diseases 
increased the transpiration of the host. Kourssanow (5, pp. S50-S53) 
first reported the effect of smut on the transpiration of a cultivated 
cereal crop in 1928. He found that wheat plants attacked by UstUago 
tritici (Pers.) Rostr. transpired 20 percent more than smutfree plants. 

Graf-Marin (3) studied the effect of mildew caused by Erysiphe 
(jraminis f. sp. hordei on the transpiration of barley plants. He found 
l-hat diseased plants transpired 14.62 percent more than healthy 
])lants and that the transpiration per unit area was 66.64 percent higher 
for diseased than for healthy plants. He found also that diseased 
plants transpired 15 percent more at night than the disease-free con¬ 
trol. In searching for the cause of this phenomenon he discovere<l 
iJiat the stomata of diseased plants opened wider and that they opene<l 
an hour earlier and closed an hour later than those of the controls. 
He also found that part of the loss of water by mildewed plants was 
due to the aerial mycelium of the fungus. 

Yarwood (12) investigated the effect of powdery mildew caused by 
Erysiphe polygoni DC. on the transpiration of excised leaves of red 
clover under various conditions. The mildewed leaves /ere found to 
transpire about the same as healthy leaves during the day but much 
more than disease-free leaves at night. 

Gassner and Goeze (2) investigated the effect of infections of Puc- 
cinia glumarum (Schm.) Eriks, and ^Flenn. on transpiration and as¬ 
similation in wheat. They reported in 1936,that heavy rust infection 
on a susceptible variety greatly increased transpiration and de¬ 
creased assimilation. The increase was thought to be due to the 
combined transpiration of the leaf blades and the fungus. 

METHODS AND MATERIALS 

The experiments were conducted in the greenhouse during the years 
1934, 1935, and 1936. Wheat (Triticum aesiivum L., syn. T, vulgare 
Vill.) plants were grown to maturity in sealed 1-gallon stone jars, each 
provided with the watering arrangement described in an earlier paper 
(4). A sufficient quantity of good quality garden loam was screened 
and mixed with a small quantity of fine sand, and the mass was brought 
to 45 percent of its water-holding capacity. The soil mass was 
mixed thoroughly and allowed to stand overnight, after wliich it was 
again stirred before being used to fill the jars. To facilitate weighing, 
afl jars were brought to equal weight with coarse gravel. The soil 
was lightly tamped in each jar to render it firm but not hard. It 
was added a little at a time until there was the same weight of soil in 
each jar. As soon as the jars had been filled they were sealed with a 
thin layer of hot paraffin. Five openings were tnen cut through the 
seal at equally spaced intervals about 1 inch from the edge of the jar. 
A clean, well-formed kernel of wheat was pressed into the soil at each 
opening, and a small quantity of water was added to expedite germi¬ 
nation. The jars were then weighed and each was kept at its respective 
original weight until all seedhi^s had emerged. At the end of 2 or 
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3 days, the few seeds that had not germinated were replaced by fresh 
kernels. 

When perfect stands of five seedlings per jar were obtained, all jars 
were brought to equal weiAt by the addition of leached sand to the 
top of the paraffin seal. This effectively sealed the small openings 
around the plants, any small breaks in the paraffin seal, and the sm^ 
space that usually developed after a few days between the edge of the 
paraffin and the jar. Blank control jars set up in this manner and 
maintained without plants throughout the season proved the method 
of sealing to be effective. 

During the growth of the plants the moisture content of the soil 
was maintained at approximately the same point by bringing the 
jars back to their original weight at frequent intervals. During the 
early stages of growth, watering every second day was found to be 
sufficient, but later the jars were brought back to constant weight 
every day. Graf-Marin (3) used automatic soil irrigators, stating 
that daily weighings allowed too much variation in soil moisture, but 
the writers found the latter method satisfactoiy. 

Two varieties of white spring wheat of Indian origin were used in 
the experiments of 1934 and 1935, because of their early maturity and 
strong straw. One of these, Pusa No. 4 (C. I.^ 8899), is an awnless 
variety, very susceptible to the physiologic race of leaf rust that 
was used for inoculum. The other, an awned unnamed hybrid 
selection of Pusa 52 X Federation (C. I. 11764), is moderately 
resistant to the same race of rust in the seedling stage and highly 
resistant in the adult stage. In order to eliminate any differences in 
the water relations due to the awns of this selection, the hard red 
spring variety Reward (C. I. 8182) w^as substituted for it in 1936. 
This is an awnless selection, having a moderate type of resistance to 
leaf rust similar to that of I\isa 52 X Federation. It was found to 
have only slightly more uredia of leaf rust in the heading stage of 
growth than the unnamed hybrid. 

When the plants had reached the desired stages of grow th, some of 
(‘uch variety were placed in a large moist chamber, inoculated with a 
pure culture of leaf rust physiologic race 9, and after 24 hours 
removed to the greenhouse bench. Inoculation was accomplished by 
shaking heavily rusted se(‘dlings above the moistemul l(‘av(*s. Th(» 
controls w’(*re moistened and placed in the moist chamber for 24 hours 
l)ut were not inoculated. 

Excellent infection developed on susceptible plants, and much 
llecking accompanied by a spame development of uredia appeared on 
plants of the resistant variety. In the latter there was a moderate 
development of uredia on the primary leaves in the seedling stage of 
grow’th, but at heading time there was only a sparse development of 
small uredia, accompanied by much flecking. The uninoculated 
control plants remained rust-frcc throughout all the experiments, even 
though they occupied space within a few feet of heavily infected 
plants. 

Rust readings were made on all infected plants when the rust 
reached full development. Readings were made on each leaf in terms 
of percent^e in conformity with the rust scale used by the Division 
of Cereal Crops and Diseases, United States Department of Agri- 


* C. I. refers to accession number of the Division of Cereal Crops and Diseases, formerly Office of Cereal 
Investigations. 
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culture. From the many readings obtained, the average percentage 
infection for each experimental group was determined. 

As soon as rust infection was fully developed on the leaves of inocu¬ 
lated plants, all jars were brought to constant weight and were weighed 
thereafter at regular intervals for a period of several hours to de¬ 
termine the rate of loss of water through transpiration. In 1934, 
weighings were made every hour, but it was found that changes in 
weight were more consistent when the weighings were made at 2-hour 



1.—Photograph of blueprint showing differeijces in size and shape of flng 
leaves of {A) Piisa No. 4 and {B) Pusa 52 X Federation spring wh(*nt. 


intervals. Tli(» latter iiietliod was iise<l in Hhif) and 193t). With all 
the jars tlie weighings were started in the morning and continued 
throughout the day. The experiments of 1934 were run from S a. m. 
to 9 p. m. on each of 2 consecutive days. In 1935, weighings w(‘,r(‘ 
made from 8 a. m. to midnight on each of 2 consecutive days, and in 
1936 readings were made at 2-hour intervals continuously for a period 
of 48 hours. 

When the weighings were completed, the loaves of all experimental 
plants were removed and measured. The length and width in milli¬ 
meters were determined for each leaf. Width measurements werti 
made at the point of greatest width. Blueprints were made of a large 
number of leaves of each of the varieties, and the areas were deter¬ 
mined through the use of a planimeter (fig. 1). The areas thus ob¬ 
tained were compared with those obtained empirically by multiplying 
the product of two times (length X width) by the factors 0.75, 0.82, 
and 0.825. Although the factors giving the best fit for each variety 
varied slightly, it was apparent after many trials that the formula 
2 (iXlFX0.8) gave areas very closely approximating those [obtained 
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by planimeter measurements. That formula therefore was used in 
calculating leaf areas throughout the experiments. 

The areas of the stems were determined by multiplying the height 
(including the head) by the diameter at midheight times 3.1416. The 
figures thus obtained probably were not entirely accurate because of 
the inclusion of the heads, which obviously have a greater area than 
the same length of stems. However, it is known that most wheat 
stems taper toward the base and toward the head, having the greatest 
diameter at midheight. Taking diameter readings at that point, 
therefore, compensated partly for the greater area of the heads. 

In calculating the area oi transpiring surface, each jar was con¬ 
sidered a unit. The sums of the areas of all leaves and stems of the 
five plants in each jar were calculated and reduced to terms of square 
meters. By using the weights of water lost during the experimental 
periods and the transpiring areas of the plants, therefore, it was pos¬ 
sible to calculate the water lost per unit of area. 

EXPERIMENTAL RESULTS 

EFFECT OF LEAF RUST INFECTION ON TRANSPIRATION OF PLANTS OF 

DIFFERENT AGE 

rreliminory experiments were conducted during the greenhouse 
season of 1933-34 to ascertain the methods most useful for later 
experiments. Two jars of each variety of wheat were inoculated 
with leaf rust at each of four stages of growth, viz, the seedling, joint¬ 
ing, booting, and flowering stages. Two similar jars were retained as 
controls at each stage of growth. Each jar contained five plants, and 
(he four units of each experimental group were selected for similarity 
of water losses on the basis of their behavior previous to the time of 
hourly readings. 

When leaf rust infection w^as fully <leveloped on the inoculated 
plants, tlie four jars of each variety were brought to their equalized 
weight <^arly in the morning and weighed hourly thereafter for various 
|)enods. The plants tested in the seedling stage were weighed each 
hour from 9 a. m. U) 9 p. m. on January 20 and from 8 a. in. to 4 p. m. 
on January 21 an elapsed time of 31 hours. The plants studied in 
(he other three stages of growth were weighed hourlv from early 
morning until late evening of 1 day and given a final weighing at 
9 a. in. the following morning. The elapsed times for the groups 
tested in the jointing, booting, and flowering stages were 23, 24, ami 
23.5 hours, respectively. The amount of water lost through transpira¬ 
tion was recorded at the time of each weighing. The data obtained 
are presented in summarized form in table 1. 

On the basis of the water lost per square meter of transpiring surface, 
rust infection apparently caused a considerable increase in the tran- 
s{)iration of plants in the seedling, jointing, and heading stages of 
growth. How^ever, there was only a slight increase in Pusa No. 4 and 
a. slight decrease in Pusa 52 X Federation in the booting stage. The 
reason for this is not clear, but it probably was due to the smaU number 
of experimental units. This is further indicated by the lack of correla¬ 
tion between the amount of rust infection and the percentage increase 
in the quantity of water lost by infected plants. For example, in the 
seedling stage of growth, 14.86 percent rust in Pusa No. 4 apparently 
resulted in an increase of 28.19 percent in transpiration, while only 
6 percentjinfection on Pusa 52 X Federation resulted in a 36.19 percent 
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increase. In the jointing stage of growth the lack of correlation be¬ 
tween amount of rust and loss of water was still more marked. Only 
in the experiments during flowering did the percentage increase in 
transpiration seem reasonable for the amount of infection present on 
the susceptible variety and the absence of infection on the resistant 
host. There was a moderate development of uredia on the resistant 
variety in the early stages of growth. However, in later stages infec¬ 
tion appeared as copious flocking accompanied by a few very small 
uredia. 


Table 1. —Effect of leaf ruet infection on ike transpiration of plants of Pusa No. 4 
(susceptibly and Pusa 52 X Federation (resistant) wheat at 4 stages of growth 
in the greenhouse at Manhattan^ Kans., 1934 




Experimental 





Increase 



period 





or de- 





Aver- 

Total 


Water 
lost i)er 
square 
meter 

crease in 

stage of growth and 
variety 

Plant 

group 



age 

rust 

infer- 

tran¬ 

spir¬ 

ing 

Total 

water 

lost 

transpi¬ 

ration 

assoei' 



Dates 

Hours 

tiori 

area 


ated with 
rust 

infection 







Square 




Seedling stage: 




Percent 

metern 

Orama 

Grams 

Percent 

Pusa No. 4. 

/Rusted.— 

1 Rust-free.. 



i 14. «> 

0 mi 

777 

1.385.0 

-f28.19 

Jan. 20-21 


J .00 

709 

706 

1,080.4 

. 

Pusa 62 X Federation.. 
Jointing stage 

/Rusted.... 
1 Rust-free.. 


1 C 00 

1 .00 

.064 

094 

1,053 

1.406.9 
1,009 1 

+36.19 


Pusa No. 4. 

j/Rusted. -. 
!\ Rust-free 
/Rusted .. 
[\Rust-free.. 

1 


f 40 01 

.696 

722 

1,037 3 

+ 17.94 

>Fel). 5-0 


00 

.755 

664 

879.5 


Pusa 52 X Federation. 

23 i 

1 

1 1.21 

1 .00 

1 027 
. 9.55 

765 

605 

744 9 
033. 5 

[ +17.56 

Booting stage. 


! 


Pusa No. 4. 

Pusa 52 X Federation- 

/Rusted... 

1 Rust-free. 
/Rusted -. 
\Rust-froe. 

jpeb. 13-11 

i 

, i 

j ' 

( 32 84 

1 (M) 

(•> 

1 .00 

.732 
. 7H7 
.914 
.912 

1 707 

735 
920 
936 

065 8 
933.9 
1,006.6 
1,026.3 

+3 42 

-1 92 

Flowering stage: 

1 



1 



Pusa No. 4 . _ 

f Rusted ... 

] 


39. 70 

I . 642 

616 

9,59.5 

+20 6:3 

\ Rust-free.. 

jFeb. 2 : 3-24 


.00 

. 621 

494 

79.5. .5 


Pusa 52 X Federation 

/Rusted . 

1 Rust-free 

0 I 
1 

1 

1 

(') 

.00 

I . 68,'3 

■ 

.524 

554 

767. 2 1 
76;i.O 

f .5.5 


1 'JVacc. 


It was apparent early in the studios tliat hourly weighings were un- 
satisfactory because the losses were so small that the error in weighings 
was likely to be large. It also soon was apparent that plants in the 
seedling, jointing, and booting stages of growth were not well adapted 
to an experiment of this kind. The principal reason for this was the 
impossibility of obtaining rust infection on all loaves. After plants 
were inoculated, it was necessary to allow about 14 days for the rust 
to reach full development before readings could be made. During 
that period the plants put out new leaves and tillers bearing no infec¬ 
tion. This is well illustrated by the data in the last column in table 2. 
The percentages were obtained by dividing the area of rusted leaves by 
the total area of leaves from each group of inoculated plants. 

These data clearly show that a large proportion of the loaves in tluj 
seedling and jointing stages of growth had no infection whatever. 
Furthermore, it was observed that many of the loaves near the bases 
of the plants during the early stages of growth were only partly active. 
Many such leaves were brown and shriveled at the tips, and the 
remaining living portions frequently were chlorotic. Leaves in this 
condition were extremely difficult to measure accurately. 
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Table 2,— Comvaraiive number of leaves and percentages of leaf area infected with 
leaf rust on plarUs of e varieties of wheat inoculated at 4 stages of growth in the 
greenhouse at Manhattan^ Kans,^ 1934 


stage of growth and variety 

Total 

Leaves 

Nonin¬ 

fected 

Infected 

Area 
repre¬ 
sented 
by in¬ 
fected 
leaves 

Seodlinc stage: 

Nwmber 

Number 

Number 

Percent 

Pusa NO. 4.-... 

179 

4« 

131 

07.05 

Pusa 52 X Federation.. 

249 

92 

167 

63.61 

Jointingstage: 

Pusa No. 4.-. 

206 

39 ‘ 

106 

84.68 

Pusa 52 X Federation.... 

216 

86 

129 

63.86 

Booting stage: 





Pusa No. 4... 

193 

28 

166 

89.68 

Pusa 52 X Federation..... 

174 

36 

138 

88.87 

Flowering stage: 





Pusa No. 4.- ... 

100 

0 

100 

100.00 

Pusa 62 X Federation....... 

116 

0 

116 ! 

100.00 


The results shown in tables 1 and 2, and other observations made 
during: the course of the experiments, indicated that it was impracti¬ 
cable to make weighings oftener than once every 2 hours to determine 
periodic* Avater losses, and that plants in the dowering stage of growth 
could bo expected to giv^c the most reliable results. It also was 
apparent that more plants were necessary in each experimental group 
to decr(»ase the error due to small numbei*s. 

DJUHNAL RHYTHM OF TRANSPIRATION IN THE WHEAT PLANT AS AFFECTED BY 

LEAF RUST INFECTION 

One of the most striking features of the jireliminary experiments 
was the sharpness of definition and regularity of the diurnal rhythm 
of transpiration. Regardless of the age of the plant, the rate of tran¬ 
spiration rose rapidly after 8 a. m. and reached its peak between 2 
and 3 p. m. From that point the rate of transpiration declined rather 
rapidly for a time, then dropped suddenly to a very low point between 
5 and 6 p. m. Although the plants were not weighed at intervals 
throughout the night in the preliminary experiments, the hourly 
weighings between 5 and 9 p, m. and those made early the following 
morning showed that the loss of water during the night was very 
slight as compared with that during midday. For example, nonrusted 
seedling plants of Pusa No. 4 lost 117.1 gm. of water per square meter 
of surface between 2 and 3 p. m. and only 9.8 gm. per square meter 
Ixdwcen 5 and (5 p. m. In the llowering stage of growth, noninfected 
plants of the same variety transpired 132.0 gm. per square meter 
between 2 and 3 p. m. and only 27.4 gm. between 5 and 6 p. m. The 
other variety behaved in a similar manner. It was noted, however, 
that the time of the sharp drop in transpiration came somewhat later 
for plants in the flowering stage than for those in the seedling stage. 
This presumably AA’^as due to the difference in the length of day at me 
time the readings were made. The seedling readings were made on 
January 20 and the flowering-stage readings Avere made on February 
23, when there was about 45 minutes more daylight at the end of 
the day. 

Although t^ experiments of 1933-34 were only preliminary in 
nature, they indicated that leaf rust definitely increased the tran¬ 
spiration of infected plants. There also was strong evidence that 

274523<-40-^3 
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rust infection was accompanied by proportionately greater losses of 
water at night than during the day, as compared with the rust-free 
plants. Both of these pomts are well illustrated in table 3, where 
the transpiration of rusted and rust-free plants of two varieties of 
wheat in the juvenile and adult stages of growth are given for suc¬ 
cessive 2-hour periods from 10 a. m. to 8 p. m. It seems significant 
that, with but two exceptions, the highest loss of water for both rusted 
and rust-free plants in both stages of growth occurred during the period 
from noon to 2 p. m. It also is clear that transpiration was low during 
the first period in the morning and during tlie last two periods in 
the evening. 


Table 3. —Loss of water through transpiration by juvenile and adult plants of two 
varieties of spring wheat at intervals of 2 hours during the day and night in the 
greenhouse at Manhattan, Kans,, 


Variety and stage of growth 


I'lant 

group 


rusa No. 4* 


Juvenilt' - . 

Adult.-. 

Pusa 52 X Federation: 

Juvenile. 

Adult. 


/Hubted. 

I Hust-free.. 
/Rusted 
\ Rust-free 

/Rusted 
1 Rust-free . 
f Rusted 
i Rust-free... 


Riist 

infec- 

Water iM^r .square meter lost through tran.splratioii 
duriug sueecssivc 2-hour [wriods ending at-- 

tion 

10 a. ra. 

12 m. 

2 1 ), m. 

4 p. in. 

6 p. m. 

8 p. m. 

Percent 

Orams 

Grams 

Grume 

Grams 

Gram* 

Grams 

14 8fi 

21.4 

185.4 

224 6 

183.6 

48.1 

41.0 

.00 

28 2 

152.3 

167.8 

173.5 

28 2 

21 2 

39.70 

42 1 

188 5 

224 3 

201.0 

r.7 7 

67 0 

.00 

30 0 

183.0 

194 8 

188.0 

48 3 

14.5 

0 00 

27 1 

230.4 

224 4 

191 3 

W 2 

34.6 

00 

20.0 

154 5 

156 6 

173 3 

47 0 

23.0 

0) 

8.8 

177.2 

2tM) 4 

174 ;i 

17 5 

36.6 

.(K) 

16. .5 

1 

170 8 

1 

200 .3 

l.W 3 

31 7 

50 1 


i Trace. 

The effect of leaf rust infection on the rate of transpiration is sliown 
to best advantage by the susceptible variety Ihisa No. 4. fn this 
variety the rusted plants lost more water than the rust-free controls 
at all readings except that made at 10 a. in. on juvenile plants. 
Although the readings for both rusted and rust-free plants were low 
at 8 p. rn. as compared with those made at 2 p. m., the percentage 
increase in transpiration in rusted plants over the rust-free controls 
was much greater for the night than for the day reading. For exam¬ 
ple, the transpiration of rusted juvenile plants of Pusa No. 4 at 2 
p. m. was 33.85 percent higher than that for the control plants, while 
at 8 p. m. the rusted plants transpired 93.39 percent more than the 
controls. In the adult plants of the same variety at flowering time, 
the rusted plants transpired 15.14 percent more than the controls at 
2 p. m. and 362.07 percent more than the controls at 8 p. m. 

The difference between day and night increases in transpiration due 
to rust infection was not so striking in Pusa 52 X Federation. Rusted 
juvenile plants of that variety transpired 43.29 percent more than the 
rust-free controls at 2 p. m. and 50.43 percent more than noninfected 
plants at 8 p. m. It should be kept in mind that the development of 
uredia on infected plants of this group was only 6.0 percent. The 
transpiration of the rust-free adult plants was higher than that of the 
inoculated plants at both the 2 p. m. and 8 p. m. readings. Rust 
infection at that stage of growth was represented mostly by flecking, 
with only occasional small uredia. 
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CUMULATIVE AND PERIODIC TRANSPIRATION OF RUSTED AND RUST-FREE 

WHEAT PLANTS 

The preliminary experiments indicated that leaf rust infection 
caused an increase in the rate of transpiration of wheat plants but 
suggested the need for greater numbers of plants and some refine¬ 
ments in technique. During the greenhouse season of 1934-35 the 
experiments were repeated, with 20 jars each of Pusa No. 4 and 
Pusa 52 X Federation. Each jar contained 5 plants. No inocula¬ 
tions were made until all plants had reached the flowering stage. At 
that time plants in 10 jars of each variety were heavily inoculated 
with leaf rust. The inoculated plants were placed in a moist chamber 
for 24 hours and ffien removed to the greenhouse bench. The 
control plants of each variety received the same treatment as the 
experimental ones except that they were not inoculated. 

Wlien leaf rust infection w^as fully developed, all dead and partly 
(lead lower leaves, as well as all small weak tillers, were removed from 
the experimental plants. All jars were brought to original weight 
nt S oVlock the following morning. For 48 hours the loss of water 
through transpiration was recorded by weigliings made at intervals 
of 2 hours except that no readings were made from midnight until S 
n. m. C'Umulative losses for the latt<‘T period were recorded. The 
<lntH obtained are shown in table 4 and figures 2 and 3. 

Table 4 .—Effect of leaf runt infection on the transpiration of plants of Pusa No. 4 
and Pusa 52 X Federation wheat during a 4H-hour period in the greenhouse at 
Manhattan, Kans,, J9S5 


ClHiif group 

Average i 

Increase 
in tran- 
spiration 
dne to 
nist 

Rust 

infootioD 

i 

Percent 

1 67 01 

.00 

2 54 
.00 

Tmu- 

spiring 

area 

t 

Water 
lost I 

Water 
tran¬ 
spired 
per square 
meter 

, fKiisted _ 

Pu^hNo I Uiust-free. .. 

Push 62 X Fodorution _ -- -[{KSst-free 1 \ 

1 1 

Square 

meter 

0.3050 

.3193 

.3282 

.3428 

Orama 

647.2 

604.7 

663.6 

560.4 

Or arm 

1,788.8 
1. 580.6 
1.686 7 

1.606.6 

Percent 

13.17 

6 06 


> Per jar of 10 Jars containing 5 plants each. 


The average loss of water per square meter of transpiring surface 
ill the susceptible Pusa No. 4 w^as increased 13.17 percent by heavy 
leaf rust infection, as shown in table 4. At this time the infected 
plants had an average rust reading of 67.01 percent. The infected 
plants of Pusa 52 X Federation transpired 5.05 percent more water 
than the rust-free controls, although the average rust reading of 
infected plants was only 2.54 percent. A companson of the increase 
in transpiration in the tw’o varieties with the rust readings indicates 
that the increase was proportionately greater in the resistant variety, 
it must be remembered, however, that the rust readings were based 
only on the number of uredia present, although there was abundant 
fleciring in addition to the uredia on the leaves and leaf sheaths of tiie 
resistant variety. Earlier experiments (4) have shown that heavy 
flecking increases the water requirement of wheat plants, and un¬ 
doubtedly it also causes an increase in the transpiration. 
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The total amount of water lost through transpiration during any 
experimental period is of less interest than the cumulative and periodic 
water losses, which show when they occur. Figure 2 shows the total 
cumulative water losses of rusted and rust-free plants of both varieties 
of wheat studied in 1934-35. During the first test day the total 
transpiration of the rusted and rust-free groups of Pusa No. 4 was 
about the same from 8 a. m. to 6 p. m. After the latter hour the 
rust-free controls transpired very slowly until early the following 
morning, while the rusted plants continued to lose considerable water, 



Figure 2.—Cumulutivc losses of water through transpiration by 50 rusted an<l 
50 rust-free plants each of Pusa No. 4 (susceptible) and Pusa 52 X Federation 
(resistant) during 2 days in 1935. 


although the rate was less thati that shown during the day. During 
the second day tlie results were similar, the rusted plants continuing 
to transpire more rapidly than rust-free plants after 6 p. m. The 
trend is shown to be much the same with the resistant variety except 
that the differences between rusted and rust-free plants are consider¬ 
ably less. 

I'he periodic losses recorded in 1934-35 arc shown graphically in 
figure 3. These show the sharp rise in the rate of transpiration of all 
plants from early morning to midday and the equally sharp drop 
after about 4 p. m., regardless of variety or rust infection. The 
higher rate of transpiration of the rusted as compared witli the non- 
rusted plants of Pusa No. 4 during the night is particularly clear in 
the readings of February 25. On the following night, except for 
the 10 p. m. reading, they also transjiired more than the rust-free 
controls for all periods from 6 p. m. to midnight. The small difference 
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in the transpiration of the rusted and rust-free groups of Pusa 52 
X Federation is shown clearly in figure 3 as well as in figure 2. 

The experiments of 1934-35 showed rather conclusively that leaf 
rust infection caused considerable increase in the rate of transpiration 
of wheat plants of a susceptible variety and to a lesser degree of a 
resistant variety. They also indicated that one of the principal 
reasons for the increase was a liigher rate of transpiration in rusted 
plants (luring the night. 

It was desired to repeat the experiments, however, after making a 
few refinements in procedure. During the greenhouse season of 
1935-36, further studies of the problem were made, in which the 



Figure 3. — Poriodic losses of water through transpiration by 50 rusted and 50 
rust-free plants each of Pusa No. 4 (susceptible) and Pusa 52 X Federation 
(resistant) at 2-hc)ur intervals during 2 days in 1935. 

awnless variety Reward was substituted for Pusa 52 X Federation 
with the thought of eliminating any differences that might have been 
due to the awns of the latter. The plants were grown in the same 
containers and handled in the same manner as in the 2 preceding years. 
At flowering time, 6 jars with Pusa No. 4 and 6 with Reward were 
selected for the final experiment. These jars were nearly identical in 
their rate of water loss thixiugh transpiration up to the beginning of 
the experimental period. 

When the plants had reached the desired stage of growth, 3 jars 
(15 plants) of each variety were placed in the moist chamber and 
heavily inoculated with leaf rust. The 3 control jars of each variety 
also were placed in the moist chamber but were not inoculated. 
After rust infection was fully developed, all senescent lower leaves and 
all but the 3 main tillers on each plant were removed. There re¬ 
mained 5 plants in each jar, each plant having 3 vigorous tillers and 
12 active green leaves. The plants were allowed to stand 24 hours 
after trimming, in order to prevent the recording of any losses due to 
evaporation from freshly cut surfaces, after which all jars were brought 
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to their equalized original weights. They were then weighed at the 
end of each 2-hour period for a continuous 48-hour period. The 
results are shown in table 5 and figures 4 and 5. 


Table 5. —Effect of leaf rust infection on the transpiration of plants of Pusa No, 4 
and Reward spring wheat during a 48-hour period in the greenhouse at Manhattan^ 
Kans,f 1936 


Variety 

Plant group 

Average > 

Increase 
or de¬ 
crease in 
transpira¬ 
tion due 
to rust 

Rust 

infection 

Tran¬ 
spiring 
area | 

Water 

lost 

Water 

tran- 

spriedper 

square 

meter 

Tusa No. 4--. 

Reward... 

/Rusted.- 

1 Rust-free. 

/Rusted _ 

\Rust-free. 

Percent 

67 

0 

1 

0 

fSquare 
meter 

0.8779 
.9044 
.8629 
.8555 

Orams 

444 3 
345.0 
312. G 
315.0 

Grams 

.506 0 
m. 4 
362 2 
368 2 

Percent 

-i-32.7 

-1 6 


1 Ter jar of 3 jars containing 5 plants each. 


The data presented in table 5 show that heavy leaf rust infection on 
Pusa No. 4 resulted in an increase of 32.7 percent in transpiration 
during the 48-hour period. This is nearly three times greater than 
the increase observed in 1935, although the percentage of rust infection 
was higher in 1935 than in 1936. However, in 1936 every leaf on tin? 
inoculated susceptible plants bore abundant uredia of leaf rust, whih‘ 
in 1935 there were some leaves on all plants that had little or no in¬ 
fection. Also, the difference may be partly due to the smaller numlxu* 
of experimental units used in 1936. This possibility is suggi'sted l)y 
the very small decrease in the transpiration of infected plants of the 
resistant variety (Reward). The important point, however, is that in 
both 1935 and 1936 heavy leaf rust infection resulted in a considerabh* 
increase in the rate of transpiration of the susceptible plants, whih' 
that of the resistant plants was affected but little by the rust. These 
points are graphically illustrated in figures 4 and 5. 

Figure 4 shows the total cumulative weight of water lost per square 
meter of transpiring surface by both varieties during tlw 48-hour 
experimental period in 1936. It shows to excellent advantage the* 
gradual increase and the ultimate wide difference in the amount of 
water transpired between rusted and rust-free plants of Pusa No. 4 
as well as the slight difference between similar groups of Reward. 
It also verifies the observation made in 1935 that the principal increase 
in the rate of transpiration of rusted over nonrustcd plants of a 
susceptible variety occurs during the night. 

The diurnal nature of transpiration in wheat and its modification 
by leaf rust infection is shown in figure 5. The readings made in 1936 
are complete because weighings were made regularly every 2 hours 
for the entire 48-hour period. Figure 5 shows the transpiration of 
rusted and rust-free plants of both varieties during each 2-hour period 
of the experiment. The transpiration of both rusted and rust-free 
plants rose very rapidly from 8 a. m. until noon, remained high until 
about 4 p. m., then declined rapidly. The rusted plants of the sus¬ 
ceptible variety, except for one reading on January 24, transpired 
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more at all times than rust-free plants. On the other hand, the 
control plants of Reward sometimes surpasseil the infected plants in 




FiauHE 5.-—Periodic losses of water through transpiration by 15 rusted and 15 
rust-free adult plants each of Pusa Ko. 4 (susceptible) and Iteward (resistant) 
spring wheat at 2-hour intervals for a 48-hour period in 1930. 


transpiration. The fact that the rusted plants of the susceptible 
Pusa No. 4 transpired more at night than the rust-free controls is 
shown in both figures 4 and 5. 
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COMPARATIVE TRANSPIRATION OF RUSTED AND RUST-FREE WHEAT PLANTS 
DURING PERIODS OP LIGHT AND DARKNESS 

Although figures 2, 3, 4, and 5 indicate that the transpiration of 
rusted wheat plants is liigher during the night than that of nonrusted 
plants, the data in tables 6 and 7 throw further light on the matter. 
In 1935 and 1936, jars containing rusted and rust-free plants wer(». 
weighed at intervals for 48 hours. The readings were made during 
February in 1935 and during January in 1936. At that time of the 
year darkness begins at approximately 6 p. m. and ends at about 
7 a. m. Observations had shown that normal transpiration in the 
wheat plant began a rapid rise at about 8 a. m. each day and was low 
and nearly stationary after 6 p. m. It seemed logical, therefore, to 
consider the period from 8 a. m. to 6 p. ni. a period of light, and tlint 
from 6 p. m. to 8 a. m. a period of darkness. Thus, there was a 10-hour 
period of high transpiration and a i4-hour period of low transpiration 
each da 3 ^. 

It seems desirable for several reasons to present the data obtained 
for each period of light and darkness rather than to total or average tiie 
figures for the 2 days. In the first place, it should be emphasized 
that the plants were grown in relativelj" small containers and that 
no vrater was added during the 2-day period. The amount of water 
available for plant use therefore was steadilv declining. That fact 
alone might conceivably affect the r(\sults. ^rtie data in table ti show 
that. less water was transpired by both rusled and rus(-fr<M' plants of 
both varieties on the second day than on the day. However, 
that apparently had no effect on the <Uft‘eretH*(* in the, rate of tran¬ 
spiration of rusted and rust-free plants. 


"J^ABLK 0. -Avf’tagc transpiration per jar of K) ruslul arut K) / itsl-ffcv Jars each of 
'J varieties of spring irheaf daring days and / ntgtits in the g/eenhousr at Man- 
hnllan, Kans.^ ttiSf) 


Variety 


Pusa No. 4 . 

Pusa 62 X Federation. 


Water lost per square nicter of 
I transpiring surface 


Plant group 

Rust in- 
fectiun 

A veraKe 
transpir¬ 
ing area 

8 a. m to 6 p.m. 

6 p. m. to 8 n. in 



First 

day 

Second 

day 

First 

day 

Second 

day 


Percent 

Square * 
ineter 

Grams 

Orame 

Grams 

Grams 

/Rusted. 

\ f>7 

0.3060 

716.34 

60it 48 

2(K) 46 

201.06 

1 Rust-free_ 

1 

.3103 

704.70 

i 688 12 

142.01 

147.34 

/Rusted. 

3 

.3283 

732.62 

1 633.84 

176.62 

144.82 

\Rust-frce._ 

1 _” 

.3428 

673.18 

600.06 

1 183.00 

__ 

138 48 


Another factor that is known to affect the transpiration of wdieat 
plants in the greenhouse is the variability in greenhouse conditions 
from day to day. Plants transpire more on bright days, when tem¬ 
peratures are high and the greenliouse ventilators must be open, than 
on cool, cloudy days when the ventilators are closed. Table 7 shows 
greater transpiration for the second day in 1936, wdiich was warm and 
bright, than for the first day, which was cooler and cloudy. This, 
however, had no influence on the relative rates of transpiration of 
rusted and rust-free plants. The difference in the transpiration levels 
in the two seasons was due partly to environmental differences and 
partly to differences in growth and vigor of plants. 
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Table 7. —Total tranemralion of groups of 15 rusted and 15 rust-free plants each 
of Pusa No. 4 Reward spring wheat during day and night periods of 2 con¬ 
secutive days in the greenhouse at Manhattan, Kans., 1936 


Vari«*(,y 

rUiiit Kfoup 

Rust 

iiir<teiinn 

Tran- 

sidrinjj 

area 

Water lost per square meter of 
transpiring surface 

8 a.m. to 0 p.m. 

6p. m.to8a.m« 

First 

day 

Second 

day 

First 

day 

Second 

day 

JMisa No. 4.._ 

Howard.. .. . 

/Kustc-d . 

iRust-free.. 

/Rusted. 

\Rust-free , 

Percent 

57 

0 

0 

Square 
meter 
0.8779 
.9044 
.8(>29 1 
.H6r>5 : 

Grams 
480 4 

1 

872.0 
378 0 

Grams 

541.0 

404.4 
426. 5 

453.5 

Grams 
186.8 
99 5 
107.8 
99.3 

Grams 

206.2 

107.2 

100.8 

90.0 


Table G shows that rusted and rust-frcc plants of Pusa No. 4 tran¬ 
spired nearly the same during the two daylight periods, but that 
rusted plants lost much more water than the rust-free controls during 
the periods of darkness. In the resistant Pusa 52 X Federation, how¬ 
ever, there was little difference between rusted and rust-free plants 
(hiring either of those periods. 

The data obtained in 1936, as shown in table 7, corroborate those 
obtaiiHid ill 1935. in both years th<‘. rusted plants of the susceptible 
variety transpired nearly twice as much at night as nonrusted plants, 
whiles therti was little difference in tlui nighttime transpiration of 
inft‘Cted and noninf(‘.cted plants of the ri^sistant variety. 

Wliile the figures presented in tables G and 7 sliow^ that rusted plants 
of a susccptibi(‘ variety transpire much mon^. during th(^ night than 
do rust-free plants of the same variety, they do not show the difference 
for comparable time periods. The daylight periods were only 10 
hours, while the periods of darkness were 14 hours. The data 
presented in table 8 therefore were calculated on the basis of the tran¬ 
spiration per square meter per hour. This obviously causes wider 
differences in transpiration between the periods of daylight and 
darkness than those shown in tables G and 7. 

Although only data for 1935 are shown in table 8, the results for 
1936 were similar. It will be noted that the difference between the 
transpiration of rusted and rust-free plants of both varieties was 
very small during the daylight periods, although rust apparently 
caused a slight increase in all cases. In the resistant variety the 
transpiration during the night w^as much lower than that during the 
day, but there was not much difference between the rate of tran¬ 
spiration of rusted and rust-free plants as shown by the percentages 
of increase or decrease. 

The most outstanding feature of the data shown in table 8 is the 
enormous percentage increase in the nocturnal transpiration of rusted 
plants of Pusa No. 4 over the rust-free controls of that variety. During 
the first night the rusted group transpired 83.41 percent more than 
the nonrusted group, but during the second night the increase was 
only 37.08 percent. The lower percentage probably was due to the 
smaller amount of water available for transpiration as the plants 
neared the end of the 48-hour period. For the two periods of darkness 
the rusted plants of Pusa No. 4 therefore transpired an average of 
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60.24 percent more per square meter per hour than the rust-free 
controls. The difference between the rates of transpiration of heniirj^ 
rusted and rust-free plants at night was still more marked in IfIMy 
when the rusted plants of Pusa No. 4 lost on an average 89.62 paK^t 
more water per square meter per hour than did rust-free 


T.ABLB 8 .—Transpiration per square meter per hour in rusted and rust free plants of 
a susceptible and a resistant variety of wheat during 2 periods each ef daylight and 
darkness in the greenhouse at Manhattan^ Kans.y 1935 


Variety and plant group 

Transplrstion per 

8 a. m. to 6 p. m. 

f«are meter per hour 

6 p m. to 8 a. ra. 

First <lay 

Second day 

First day 

S<*cond day 

J*usii No. 4 (suscoptihle): 

1 Orarn» 

Grams 

Grams 

Grams 

kiisted .- __ _ _ 

1 7i(t 

609 48 

186.04 

144 27 

Kust-free. . 

1 70170 

588 12 

101.43 

105. 24 


Percent 

Percent 

Percent 

Percent 

Increase.. . . 

+1.65 

+3.63 

-4-8.3 41 

+37.08 

Push 52 X Federation (resistant): 

Grams 

Grams 

Grams 

Grams 

Rusted . . . 

732,62 

633.84 

126.09 

103.44 

liiistdrec .-.. , . 

1 673 18 

600.06 

131 42 

98.91 


Percent 

Percent 

Percent 

Percent 

Jncreas«5 or decrea.so .. . 

+8.83 

+4.07 

-4.05 

, i 

+4. 58 

...... 

1 

.. 

! 1 



It seems clear from the foregoing data and discussion that the in- 
(Tease in the transpiration of rusted wheat plants of a susceptlbh* 
variety over tliat of rust-free plants is very largely due to the higln'r 
rate of transpiration of the rusted plants dining the night. Tlu‘ 
reasons for the highej* nighttime rate of trans]>iration of rusted })lant.s 
are speculative. (Jraf-Marin {S) and Gassner and (Joeze (2) both 
suggest that higher nocturnal transpiration was partly due to transpira¬ 
tion of the rust fungus. Graf-Marin worked with a mildew that 
does not rupture the host-plant tissues as do the rust fungi. He also 
observed that the disease stimulated stomatal action in the host plant 
in a way that would favor higher transpiration. The studies reported 
herein throw little light on the causes of liigher nocturnal transpira¬ 
tion in heavily rusted wheat plants. However, the large amount of 
ruptured plant tissue in such plants strongly suggests that transpira¬ 
tion through the ruptures caused by the uredia may be an important 
factor. The large amount of fungus tissue exposed in rust uredia also 
suggests that the fungus itself may be the cause of considerable loss 
of water. This loss of water by evaporation from thin-walled fungus 
cells can hardly be considered a function of the host plant but obviously 
is inseparable from normal transpiration. Two years’ observations, 
therefore, suggested that the higher transpiration of rusted plants 
during the night was due partly to injury caused by the rupturing of 
the epidermis of the host plant by rust uredia and partly to transpira¬ 
tion by the fungus itself. That the latter is an important factor is 
suggested by the fact that the average transpiration of infected re¬ 
sistant plants during the night was only slightly liigher than that of 
the noninfected controls. 

The difference between the transpiration of rusted and rust-free 
plants of both resistant and susceptible varieties during daylight hours 
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was sinaH. Tliis probably was due to the very high transpiiatioii 
level dumg the dav. In all instances, however, tne average transpira¬ 
tion of infected plants was slightly liigher than that of the control 
plants during the day. 


SUMMARY 

The effect of leaf rust infection on the transpiration of a resistant 
and a susceptible variety of spring wheat was studied in the green¬ 
house during 3 years. 

Plants were grown to maturity in sealed stone jars and leaf and stem 
areas were ctdculated. Blueprints made of representative wheat 
leaves proved that the formula 2{LXWX0.8) gave leaf areas very 
near planimeter readings. 

Plants in the flowering stage were found to be superior to younger 
plants or seedlings for studies of this nature. 

Normal transpiration in the wheat plant was found to rise very 
rapidly during the morning hours, reach a maximum about noon, and 
decline rapidly in the late afternoon, reaching a very low point about 
() p. m. and remaining extremely low during the hours of darkness. 

Observations w ere made on the transpiration of rusted and rust-free 
plants at 2-hour intervals for 48-hour periods in 1935 and 1936. It 
was found that rusted plants of the susceptible variety transpired 
13.17 percent and 32.7 percent, respectively, more than nonrusted 
(‘ontrols for the entire period in the 2 respective years. 

The diurnal rhythm of transpiration w^as seriously disturbed in 
rusted plants of the susceptible variety. Such plants transpired much 
more than rust-free controls during the night. In 1935 tlie increase 
in no<‘turmd transpiration of rusted plants over the (‘ontrols was 83.41 
percent, while in I93t*) it was 89.62. 

The higher rate of transpiration of rusted plants at night apparently 
was due partly to transpiration tlirougli ruptures in the cuticle caused 
by the uredia and ])artly to the transpiration of the fungus itself. 
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THE INFLUENCE OF THE AWNS UPON THE RATE OF 
TRANSPIRATION FROM THE HEADS OF WHEAT' 


By Hugh G. Gauch,* formerly graduate research assistant, Kansas State College of 

Agriculture and Applied Science, and Edwin C. Midler, plant physiologist, 

Kansas Agricultural Experiment Station * 

INTRODUCTION 

^though the exact physiological role of awns is not well established, 
it is generally considered that under certain climatic conditions the 
awns of wheat are useful structures. On this account awned varieties 
of wheat have been selected and grown for the most part in regions of 
limited rainfall. The data which have been obtained relative to the 
functions of the awns are frequently fragmentary, contradictory, and 
sometimes the result of questionable methods. Work has been in 
progress since 1935 at the Kansas Agricultural Experiment Station to 
try to determine some of the functions of the awns of wheat. The 
data herein reported, relative to the influence of the awns on the rate 
of transpiration from the heads, are thus only a portion of those 
obtained in the general study of the function of the awns of the 
wh('at plant. 

REVIEW OF LITERATURE 

'IHie quantity and <iuality of the grain produced has been tlu* 
measure, for the most part, of the effects of the removal of the awns 
from cereals. Only a relatively few of the investigatoi*s have studied 
the influence of tftc awns on the rate of transpiration. Zoebl and 
Mikosch (10) ^ stated that the awns of barley are definite organs for 
transpiration. The awned heads transpired four to five times more 
water than the awnless heads. At the time of the functioning of the 
awns about one-half of the total transpiration of the plant was from 
the heads. The transpiration of the awns was most intense at th(i 
time of the greatest migration of reserve materials into the grain. 
An unsigned article in a German publication (1) stated that the 
transpiration from barley heads is decreased by tin? removal of the 
awns. 

Vasilyev (9) in Russia studied the function of awns in rye, wheat, 
and barley. In experiments with Beloturka wheat, he found that the 
awns transpired 63.3 percent of the water <'vaj)orated by the heads, 
and in another variety 60.3 percent of the total transpiration of the 
heads was through the awns. The maximum transpiration of the 
awns was at flowering. 

^ Received for pablication December 5, 1939. Contribution No. 396 fnjin lb© Dopartment of Botany, 
Kansas Agricultural Experiment Station. 

> A portion of the thesis submitted by the senior author b> the Graduate Council. Kansas State College 
of Agriculture and Applied Science, in 1937 for partial fulfillment of the requirements for the degree of 
master of science. 

> The authors are especially indebted to C. O. Johnston, associate pathologist, U. S. Department of 
Agriculture, for selecting and supplying the wheat used in this study and for his helpful suggestions and 
criticisms. 
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Schmid (7) stated that the awns are actively concerned in transpira¬ 
tion, assimilation, and respiration. The de-awning of a wheat plant 
lowered its transpiration 10 to 30 percent. He found that the awned 
heads transpired relatively more water by night than by day, while 
with awnless heads as well as with the lamina of the leaf, the reverse 
was true. Since the awns and the lamina both have numerous 
stomata, Schmid considered that the stomata of the lamina oporiod 
wider during the day than did those of the awn. 

Perlitius {6) found that the awned heads of wheat and barley 
showed a higher transpiration rate than the awnless heads. The same 
fact was reported by Conti {2) for the heads of durum wheat. 

Schulze {8) showed that awned barley plants transpired much more 
than those which had been de-awned or w(^re naturally awnless. 
The peak of transpiration was reached when the grain was in the 
milk stage. 

METHODS OF EXPERIMENTATION 
CULTURAL MKTHOnS 

'riic wheat [daiits were grown in glaz(*(l stone jars of I-gallon 
(apacity wdth the saim^ amount of soil mixliire firmly taniped into 
each jar. The soil mixture was made by additig 1 part saiul to 
4 parts of fertile loam soil. Sufficient water was add(‘(i to this mix¬ 
ture to bring the moisture content to 45 percent of the water-holding 
capacity of the soil. The method us(‘d to facilitat(‘ the distribution 
of water throughout the soil in the jars and to prevent its loss from 
the surface was the same as that desexibed l)y Johnston and Miller 

Before planting, a K-inch cork borer was luxated and used to make 
five equidistant holes in the paraffin layer above the soil. A germinat¬ 
ing grain of wheat, with a. radicle one-fourth of an inch long, was 
planted in the soil beneath each of these holes. The seeds W(‘re planted 
on October 25, 1935, and on November 2, 1930. At regular intervals, 
varying according to the stage of growth, the jars were weighed and 
sufficient water was added in each case to bring them to their original 
weight. 

During the experimental work in 1935-36, it was found that a hybrid 
wheat of Indian origin, Pusa 52 X Federation, because of its tyfie and 
rapidity of giowth, and other characteristics, was the most desirable 
plant to use. It was used, therefore, exclusively in the experiments of 
1937. The general appearance of these plants wdien they liad attained 
their full vegetative growth is showm in figure 1. 

SELECTION AND DE-AWNING OF HEADS 

In the experiments of 1935-36 no record was kept of the develop¬ 
ment of the heads so their exact stage of growth at any given time was 
not known. Thus during 1935-36, the pairs of heads used in tlie 
transpiration experiments were matched as closely as possible only 
with regard to size. During 1936-37, howrever, a detailed record of 
215 heads was kept so that in all the experimental work for that year 
the heads would be not only of the same size, but also of a knowm age 
and stage of development. 

When the awns protruded visibly from the boot, the culm of the 
head was tagged and detailed notes were taken thereafter at 2-day 
intervals. Some heads were used for observational purposes only, 
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and spikelets were removed from these from time to time to determine 
the progress or rate of grain formation. Thus it was not necessary to 
remove any spikelets from the heads used in the transpiration studies 
to determine their stage of development. 



Figure 1.—Typical jars of Pusa 52 X Federation wheat, showing the condition 
of the plants on February 8, 1936, when the plants were 75 cm. in height. The 
planting date was October 25, 1935. 


Four apparently similar heads were selected for each experiment. 
Two heads were used as controls, while the awns were clipped from 
the other two with small, sharp scissors. The appearance of tne awned 
and de-awned heads at the time of an experiment can be observed in 
figure 2. 
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Figube 2.—Totally de-awned and intact awned heads of Pusa 52 X Federation 

wheat. 
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The objection may be raised that the injury resulting from the re¬ 
moval of the awns might influence transpiration to some extent, and 
that the lowering of the transpiration of the de-awned heads might be 
due to this effect and not to the loss of the awns. There is no means 
of measuring this effect, but after a period of 2 months when the 
wounds incident to removal had been healed for a long time, the 
transpiration from the de-awned heads was still as low as, or lower than 
it was at the beginning of the experiment. 

METHOD OP MEASURING TRANSPIRATION 

In these experiments, a modification of the Freeman (3) method was 
used in determining the rate of transpiration of the heads. The 
general procedure is as follows: An aspirator provides the suction 
that draws the air over the plant parts which are enclosed in a glass 
chamber and through weighed U-tubes containing a water absorbent. 
In the present experiments granular calcium chloride was used as the 
absorbent. The air that passes over the plant parts contains both the 
moisture released from these parts and that which is normally present 
in the air. The amount of moisture in the air at the time of the 
experiment is detennined by the use of a control apparatus, figure 3, 
A, w, in wliich the same amount of air as is drawn over the plant parts 
is drawn through the U-tubes of the control apparatus, and the mois¬ 
ture containea therein is absorbed. The weight of the moisture 
collected in the control apparatus is then deducted from the amount 
found in the air which passed over the plant parts. The remainder is 
the weight of the water given off from the portion of the plant used in 
the experiment. 

The apparatus used in 1936-37 is shown in figure 3. Three units 
were operated simultaneously in each experiment: One, ra, a control, 
for determining the water content of the air, another, n^ for determin¬ 
ing the loss of water from the awued intact heads, and a third, o, 
for determining the water loss from the de-awned heads. In figure 
3 the unit for the control. A, r, m, is shown at the extreme left. At the 
renter, i, e, and right, c, o, are the units whic h dcte.rrninc tlie rate 
of transpiration of two awned heads ami two de-awned heads, respec¬ 
tively. 

The glass chamber (fig, 4) used was a type^ of small specimen jar. 
'Diis chamber was 7 by 2*2 iuches, outside measurements, and had a 
< a])acity of 500 cc. It was fittecl with a No, 8 three-holed rubber 
stopper split into two portions so that tlic line of cleavage passed 
through two of tJio holes to permit the introduction of tlie peduncles of 
the heads. In the third hole the outlet tube was inserted. The 
lioles that held the tw^o peduncles were sufficiently large to allows free 
intake of air around these parts when suction w^as applied by die 
aspirator to tho outlet tube. Tlie portions of the peduncles that 
protruded into the glass chamber were coated with vaseline to prevent 
transpiration, and when they w^ere taken from the chamber this coating 
w^as removed to prevent injury to the peduncles. 

A double set of the U-tubes was placed in connection for each unit 
(fig. 3, c, center), but only one pair was open during any one experi¬ 
ment. At the end of one experiment, the used pair of U-tubes was 
closed and a new experiment was started immediately by opening die 
unused pair of tubes. During the second experiment, the used pair 
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was removed for weighing and a new set was installed in the system for 
a later experiment. 

Without the use of such a set-up, it would have been necessary to 
remove the three pairs of U-tubes and to instaJl new ones at the end of 
each experiment. Under such conditions, the heads must be removed 
from the glass chambers or other special precautions must be taken to 
prevent an accumulation or condensation of moisture within these 
chambers. By tbe use of the extra pair of U-tubes, as above described, 
it was possible to make as many as four l-hour determinations of 



Figure 3. —The luodified Freeman apparatus used in the study of tlie transpirs- 
lion of wheat awns: a, Large aspirators; small anfiirators; r, hose for filling 
aspirators; d, trough for carrying water from aspirators; r, U-tulx's; /, atmom- 
(*ter; i)inch-cocks of aspiratiirs; //, glass chamber for control; i, glass chainbc'r 
for awned heads; j, glass chainbtT for do-awned heads; h\ planfs bearing awned 
lu'ads; /, plants bearing de-awiied heads; /a, ct)ntnd unit; n, o, units userl for 
water determinations on head of wheat. 

transpiration without disturbing tlie lieads or pausing l)etwcu*n 
experiments. 

Two 18-litcr aspirators, a, and one 4-liier aspirator, 6, were used 
in each of the units. As the water siphoned from the aspirators, it 
emptied into a trough, dj and was carried by it to a nearby drain. 
The aspirators were refilled by a garden hose attached to the water 
line, c. The small aspirators were also connected into the syslcun 
leading from the glass chambers and these were run while the heads 
were being inserted and the control was being set up. This procedure 
prevented an accumulation or condensation of moisture within the 
chambers during that time. 

When arrangements were completed for beginning the experiment, 
the three small aspirators were closed, each pair of U-tubes, c, in each 
unit was opened, and one of the 18-liter aspirators, a, for each unit 
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was started. The time of starting the experiment was then recorded 
and the porous-cup atmometer, /, was read. When the first aspira¬ 
tors were empty, the rubber tubes connecting them with the ^stem 
were clamped with pinchcocks and the second aspirator of each 
unit was started immediately. While the second aspirators were 
iMinning, the first ones were refilled, primed, and reconnected to the 
system so that they could be started again as soon as they were 
needed. By this arrangement a constant suction could be provided 
throughout the experiment. In most of the experiments each of the 
two aspirators of a unit was emptied twice, so that 72 liters of water 
were used. As the 72 liters of water siphoned from the aspirator, 
72 liters of air were necessarily 
<irawn in to replace them. In 
order to reach the aspirator the air 
had to enter around the peduncles 
tit the base of the heads (fig. 4), 
flow upward around the heads, 
down th(‘ outlet tube, and through 
th(i W('iglied U-tubes (fig. 3, e) before 
it could enter tln^ aspirator wIktc 
the vacuum was created. 

Sinc(‘ it took approximately 15 
minutes for one aspirator to empty, 
the experiment had a duration of 
about 1 hour. By adjusting the 
sen^w clamps, </, /i, on the outlet 
tube of the aspirators, the units 
could be made to finish at approxi¬ 
mately tlu‘ sam<‘ tiim*. If the 
(‘xperiimuit lasted slightly more or 
l<»ss than I hour, th(‘ transpiration 
vahu's reduced to that of an 

hourly period. At the close of each 
(‘xperirneiil, tlu‘ atmometer, /, was 
read and its evaporation likewise 
eah’iilated to the hourly basis. 

.Vt the beginning of a .series of 
(*\p(*rim(‘nts, tli(‘ amount of trans¬ 
piration from two pairs of intact 
lieads was d<‘t<'rmined for a given 
period of time. The ratio of the 
rate of transpiration of one pair of 
heads to that of th<^ other was then 
calculated. In this paper, this ratio is termed the ‘%itial ratio” 
of transpiration. After this initial ratio had been detennined, one 
]>air of Innuls was de-awjied (fig. 2) and its rate compared with that 
of the intact pair in numerous determinations. 

EXPERIMENTAL RESULTS 

During 1935-36, fifty-five 1-hour determinations were made to 
test the effects of the removal of the awns on the transpiration of the 
head. These experiments were of a preliminary nature, and through 
them the technique used during 1936-37 was perfected. Although 
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Ficukk 4. — v1, Diagramniaiic drau- 
iug of tho glass chamber used; R, 
surface view of the rubber stopper 
which WHS used in the glass cham¬ 
ber, sliowijig the slit between two 
holes to permit insertion of the 
l)eduncles, and cross sections of 
the outlet tube and of the pedun¬ 
cles around which the air entered. 
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the results of the experiments performed during the first year agreed 
in general with those herein reported, they are not tabulated beeaust* 
they were obtained under various methods of technique. 

During the year 1936-J17, one hundred and eight 1-hoiir det(*r» 
minations of transpiration exclusive of those used in determining the 
initial ratio were made on the same variety of wheat as used the first 
year. Experiments were conducted with seven sets of heads (table 1). 
The number of determinations on each set ranged from a minimum of 
12 to a maximum of 21. The experiments on the sets ranged from 
15 to 35 days. Three of the sets began at or before the flowering 
stage, two at the early milk stage, one at the milk stage, and the 
seventh at the soft dough stage, and all were continm^d until the 
grain was ripe. The detailed data of these seven sets are shown in 
table 1. The de-awned heads in all except one of the determinations 
showed a decidedly lowered transpiration in comparison with Uu' 
intact heads. The one determination that showed an increase in 
transpiration of the de-awned heads over that of the intact heads oc¬ 
curred in set 6 from 10:30 to 11:29 a. m. on February 20, 1937. In 
that experiment the ratio of th(‘ transpiration of the dewiwned heads 
to that of the awned ones was 1.04. Sin(‘e in 108 experiments this 
is the only case in which the transpiration from the de-awned heads 
exceeded that from the intact ones, it seems probable that some error 
occurred. 

Table 1 shows in detail the data that were obtained in each set of 
experiments. In this table are found the date of each experiment, tlie 
time of day that it was performed, the general stage of development of 
the head, the nature of the weather, the rate of evaporation from a 
porous cup atmometer, the temperature, the num])er of days that liad 
elapsed from the time of de-awning until the experiment, tlie number 
of days since flow(*.ring, the hourly rate of transpiration from tlu' 
de-awned heads and the awned heads arul the ratio of these two rate^ 
of transpiration. Any detailed informatioii relative to those expen- 
ments can be obtained by a study of table 1. 

Johnston and Miller (J) studied the influencf* of leaf rust {l^ocvinia 
triticina) upon tin* rate of transpiration of wheat plants of tin* same 
variety as that reported herein and at the same time that tln^se experi¬ 
ments wen* being conducted. Om* observation which was made* In 
them at that time and which was not report(‘d in th(*ir (*xperiments was 
that the amount of water transpinnl from the h(‘ads of wh(*at was 
relatively small in comparison with tin* amount lost in tin* same tinn* 
from the entire plant. The heads transpir(*d only from I to 5 p(*rc(*nt 
of the water lost from the entire plant. 

In figure 5, the determinations of transpiration are i>lotted according 
to the number of days after flowering. By this mettiod of plotting 
the data, the amount of transpiration is correlated with the stage of 
development of a plant or plant part. For the most part, the de¬ 
terminations have been grouped into 3-day units. The data wen' 
obtained by averaging the results of all experiments occurring within 
the time limit of any unit. Thus, in the unit 1 to 3 days after flower¬ 
ing, the values representing the transpiration of awned and de-awned 
heads are the averages of thirteen 1-hour determinations as taken 
from the various sets of experiments (table 1). 



Table 1 .—Transforation experiments, uith 7 sets of aimed and de-awned heads of Pusa o^XPederatioit u'hfoi, in the greenhouse, Manhattan^ 
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Figure 5 shows that the amount of transpiration rose rapidly to a 
maximum during the jjeriod of 1 to 3 days after flowering, following 
which there was a relatively sudden decline until about the eig:hth day 
after flowering. The rate of transpiration then rose and maintained 
approximately a constant level until tno eighteenth day. The rate 
then declined until the twenty-first day, when it again increased to a 
second marked maximum approximately 26 days after blooming. 
During the next 3 days the rate declined to the second lowest point for 
the season, then increased during the next 3-day period, and again 
declined to the minimum. 

The first maximum is in accordance with the observations of Vasil¬ 
yev (9) that the maximum transi)iratiou by the awns of Beloturka 


500 | 
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F awned spikes 

DE-AWNED SPIKES 



1-3 4-6 7-9 10-12 13*15 16*18 19*21 22-24 26-27 28*30 31*33 34 

DAYS AFTER FLOWERING (NUMBER) 


Figuke 5.—Thu total tranjsj)iration of awiied and de-awned heads of wheat at 
3-day intervals from flowering to maturity. 7''he transpiration of the awned 
heads is represented by tiic total height of the column and includes both the 
light and shaded iiortions; the transpiration of the two de-awned heads is 
represented by tlic height of the shaded portion of tlie column. 


wheat was at the tirin' of flowering. That portion of the diagram 
which represents the rate of transpiration from tlu' lughth to the 
twenty-ninth day aft(*r flowering corn'sponds to the curve reported 
by Perlitius {6) for spring wheat. For winter wheat, Perlitius obtained 
a double curve with the maxima occurring at the onset of fruit forma¬ 
tion and just preceding the milk stage. Since he made determinations 
at only six periods between heading and maturity, lie did not obtain 
sufficient data to indicate whether other fluctuations occurred before 
or after periods of observation. 

In the present cxperiinents it is clearly indicated that the variations 
in the rate of transpiration of the heads were not correlated with the 
atmospheric conditions of the environment as shown by the rate of 
evaporation from the porous-cup atmometcr. It also seems evident 
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that there was no correlation between variations in light conditions 
and variation in the transpiration of the heads- The curve of trans¬ 
piration of the heads during their development and maturity show 
two very evident maxima. It seems evident that the heads of wheat 
at flowering and at the approach of maturity of the grain show marked 
maxima in the rate of transpiration. The significance of this change 
of the transpiration rate in the metabolism of the plant is not known. 

SUMMARY 

The effects of de-awmng upon the rate of transpiration of the heads 
of Pusa 52 X Federation wheat were studied in the greenhouse in 
1935-30 and 1936-37. During the first year fifty-five l-hour deter¬ 
minations were made, and the teclmique for the following year w^as 
<leveloped. During the secon<l year one hundred and eight 1-hour 
determinations were made. 

The rate of transpiration of the awns was determined by the Free¬ 
man inethod, which was inodified and improved to meet the specifics 
requirements of the experiment. By this method the net transpira¬ 
tion of the awned and de-awned heads was determined quantitatively. 
The amount of transpiration attributable to the awns w^as thus 
obtained. 

The rate of transpiration of the aw’iiod and de-awned heads was 
determined at various times from just before flowering until the head 
had fully matured. The average ratio of the amount of water tran¬ 
spired from the seven sets of intact heads that later were de-awned to 
the seven sets of heads that served as controls during the experiments 
was 0.976. In 108 experiments made as early as 2 minutes after 
cle-awning and as late as 34 days thereafter, and from the early flower¬ 
ing stage of the heads to complete ripeness of the grain, the average 
ratio of the amount of water transpired from the de-awned to the 
awmed heads was 0.61, On a percentage basis the de-awned heads 
transpired 38,9 percent less than did the awiied heads. 

The curves of transpiration of the awned and de-awned heads 
paralleled each other throughout the experiments from flowering to 
maturity. These curves showed a maximum rate of transpiration of 
the heads at flowering and another as the maturity of the head was 
approached. These variations in the rate of transpiration seemed to 
be independent of the environmental conditions as indicated by 
evaporation from a porous-cup atmometer, but the cause of these 
variations is not known. 

The rate of transpiration from the heads of wheat is evidently 
decreased by de-awning, but the significance of transpiration from 
these parts in the metabolism of the plant is unknown. 

Although the awms of wheat are active in the transpiration of the 
head, they do not ordinarily transpire more than 1 to 5 percent of 
the total amount of w^ater lost from the plant. 
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A DEVELOPMENTAL ANALYSIS OF KOHLRABI AND 
CABBAGE STEMS * 


By A. Leon H wis * 

AsHociaie in horticullure^ Ohio Agricultural Experiment Station 
INTRODUCTION 

Many horticultural and agronomic problems are concerned, either 
directly or indirectly, with the subject of the relative growth rates of 
the c(‘Ils, tissues, and organs of plants. The rate of cell division in 
relation to rate of enlargement is a fundamental study, which when 
investigated more fully, should throw light on many problems con- 
(•(*rn('d with the growth of economic plants. Certain physiological and 
mitrititional problems would doubtless be more clearly understood if 
more wen* known of the relation between cell division and enlargement 
and organ oi* body siz(». This lield of study, in its application to agri¬ 
cultural research, has evidently been little investigated. 

Jattle is now known of the relationship between genetic constitution 
and cell and tissue activity in any of the economic plants, except in 
very general terms. Such genetic interrelationships of ceils and tis¬ 
sues within a plant organ are of primary concern in any detailed 
histological study of the growth phenomena in plants. 

Recent studies on the relation between cell size and organ size 
have been concerned principally with fruits. Sinnott { 4 ) 7 ^ however, 
in a study of Acer petioles presented results showing that organ size 
was to some extent directly proportional to cell size in this plant part. 
He also reviewed several of the earlier investigations on this subject, 
which show' considerable inconsistency especially in general conclu¬ 
sions. Recent morphogenetic studies wdth fruits, such as those of 
Houghtaling (I), Sinnott (ff), and Tukey (7), suggest the problem of 
similar growth phenomena in stems and other organs. 

The study here reported w as made to determine the relation between 
cell size and number and stem and tissue sizes in two plants closely 
related genetically but greatly different in stem volume, the cabbage 
{Brassica oUracea var. capitata L,) and the kohlrabi (/?. oleracea var 
eaulo-rapa DC). These plants are both horticultural crops and they 
are of economic importance largely because of altogether different 
morphological developments. The terminal bud becomes the econ¬ 
omically important or edible part of the cabbage plant; the enlarged 
stem becomes the edible part of the kohlrabi. The two plants are 
similar in their seedling stage but can be distinguished by leaf char¬ 
acters beyond that stage. 

Based on a genetic study of cabbage and kohlrabi stems. Pease (3) 
concludes that the enlarged stem of the kohlrabi is determined by three 
multiple factors, two of which are major, the other, a minor or modify- 

> Received for publication February 19, 1940. The work on which this report is bailed was done in the 
Department of Botany, Ooiinubia University, New York 
i The wTiter is Rraieful to Dr E.W. Sinnott, of Columbia University, for many helpful suggestions through¬ 
out the courte of this investigation and to the staff of the Department of Botany, Columbia University, 
for the use of its greenhouse and laboratory facilities. 
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iiig one. He ])reseiits no data, however, on the morphogenetic rela¬ 
tionships of these i)lants, and there seems to be no literature bearing 
on this specific subject. 

MATERIALS AND METHODS 

Plants of the White Vienna variety of kohlrabi and the Copenhagen 
Market cabbage were used in this study. They were grown in the 
greenhouses of Columbia University during the fall and winter of 
1939-40. Throughout most of the growing period it was necessa^ 
to lengthen days to 12 to 14 hours by the use of 500-watt lights in 
order to secure satisfactory thickening of the kohlrabi stem and to 
prevent excessive etiolation. 

It is essential in such studies as these that the data b(‘ secured from 
(‘.omparable positions on the plant throughout growth. Under the 
l onditions of this study, tlie main axes of both plants grew in height 
at about the same rate and reached about the same height, when the 
rate of growth in height decreased sharply. This decreasi* in rate of 
growth indicated the time of beginning oJ rapid stem enlargement of 
the kohlrabi and relatively slow stem enlargement but rapid tenninal 
bud development of the cabbage. The first specimens wore collected 
at this stage of development. After considerable preliminary ex¬ 
amination, it was found that a position about 20 mm. from the apex 
was most satisfactory for stem measurements in both plants through¬ 
out their development. Thereafter, studios of the growth relation- 
sliips were made at very nearly that position, which was at about the 
center of the mature enlarged kohlrabi stem. The data presented 
were taken from a study of 121 koldrabi and 48 cabbage plants. 
The diameter of stem of koldrabi ranged from 1 mm. to 90 mm., the 
cabbage stem diameter ranged from 1 mm. to about 12 mm. All the 
material represented the stages from shortly after differentiation of 
primary tissues to approximate maturity of the stems. Because of 
the apparently unavoidable variation in individual plants, it seems 
necessary in such studies to use a large number of sj)ecimens. Uni¬ 
form environmental factors are also essential. 

The plant material was killed, embedded in paraffin, and cut into 
transverse and longitudinal sections for certain phases of the study. 
Most of the investigation, however, was carried out by the use of free¬ 
hand sections stained with Delafield^s haematoxylin. The sections 
were then temporarily preserved in glycerin for examination and 
drawing. This latter method proved much more satisfactory, since a 
large number of specimens could be examined, and also because of the 
lack of any distortion of cells or cell walls. 

The transverse plane was used in determining cell size and tissue 
size. Since the cells were nearly isodiametric the volume of the 
cells could be. compared with the volume of the tissues or the stem in 
such a structure as the enlarged kohlrabi. A more accurate method, 
however, seemed to be to compare the cell diameters with the tissue 
and stem diametem, since the growth relations in the cabbage and 
kohlrabi could in this way be compared directly. 

Measurements were made of the cell, tissue, and stem diameters by 
the use of a microprojector. These measurements were made at no 
less than three levels within 2 to 3 mm. of each other and averaged. 
Cell measurements were made in the following manner: 20 to 30 cells 



Sopt. J5, 1940 


AnalysiH of Kohlrabi and Cabbage Stems 


461 


in each tissue to be used were drawn under the projector and then 20 
of them in each section wore measured in two directions. The average 
of these cell diameters, carefully selected as typical, seemed reliable 
for this purpose. There was some variation in apparent cell sizes 
throughout the growth, and those measured represented the average 
maximum sizes shown. 

The development of cell, tissue, and organ size is an exponential 
process; hence it is more correct to plot the growth values logarith¬ 
mically. In this study, most of the plotting was done by placing the 
actual values on double logarithmic paper, but it was found that very 
wide ranges of values could be most cdearly presented by the use of 
logarithms of actual values. 

RESULTS 

GENERAL STRUCTURE 

The kohlrabi and cabbage stems were evidently similar in anatomy 
during the early stages of development. The cells within 12 mm. of 
the terminal meristem were almost entirely responsible for the growth 
in height of the plant. Those closer than 5 to 7 mm. divided rapidly; 
tliose from about 7 to 12 mm. elongated considerably. The region of 
difrerentiatioii seemed to lie between 12 and 16 mm. from the tip. As 
previously mentioned, the grow^th concerned in diameter relationships 
could best be measured at a position about 20 mm. from the tip. At 
15 to 20 mm. from the terminal meristem, the pith in both plants made 
up 70 to 90 percent of the total stem diameter up to a diameter of 4 to 
5 mm. The vascular bundles were arranged around the outside of the 
pith. An active cambium could be readily detected in the bundles, 
and in moat stems there was a less active interfascicular one. The 
cortex, like the pith, was composed of thin-walled parenchyma during 
its early development. Jvater, (‘ollenchyma developed in the outer 
portion, and at near maturity, especially in the kohlrabi, an active 
periderm was formed in the outermost layers. The anatomy of tlu'. 
kohlrabi stem has been described in some detail by Vbchting 0^), and 
it is not necessary to <lo so here. The writer's observations agreed 
with Vocliting’s in all details noted. 

The most striking difference between the structure of the cabbage 
aud kohlrabi stems occured at a stem diameter of 5 to 6 mm. At this 
stage an inner meristematic region developed in the center of the 
kohlrabi pith. Shortly after this development, four to six small 
vascular bundles were laid down in a circle about the group of rapidly 
dividing central pith cells as seen in transveme sections. As grow’^th 
continued, tliese bundles co\dd be seen traversing the pith in all direc¬ 
tions, as described by Vochting {8), Rarely were they directly asso¬ 
ciated w ith the larger stem bundles already mentioned. Neither this 
inner meristematic zone nor the medullary bundles were over found in 
several other closely related plants examined, including the cabbage, 
cauliflower, broccoli, and brussels sprouts. In the kohlrabi they fii’st 
appeared as more or less irregular strands of meristematic cells extend¬ 
ing through the central pith. Shortly after their appearance or about 
the time the ring of medullary bundles w as formed, the rapidly dividing 
cells made up a zone about 1 mm. in diameter as seen in cross section. 
The zone of cell multiplication enlarged toward the periphery of the 
pith as growth of the plant continued. At maturity it extended to 
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within 1 to 2 mm. of the periphery of the pith and thus made up most 
of the volume of the pith zone. Meristematic activity here seemed 
always to precede the formation of the pith bundles. 

The total pith diameter made up about 90 percent of the kohlrabi 
and 80 percent of the cabbage stem at maturity. The edible portion 
of the kohlrabi was, therefore, largely of pith tissue. The bundles and 
cortex made up the remaining volume in about equal proportions. 
This study was mainly concerned with the pith, although certain 
relationships are given for other tissues. 

GROWTH RELATIONS IN PITH OP KOHLRABI AND CABBAGE 

A very definite relationship could be established between cell size 
and tissue size at several regions in the pith of the kohlrabi and cabbage 
stems by careful selection of sections at comparable positions on (‘.ach 
plant. It is sometimes desirable to establish volume rather than 
diameter relationships, but here, because of the decreasing cell size as 
(he apex is approaclied, it was felt that simple diameter reflations at 
the given position (about 20 mm. from the tip) would be most ac(*urate 
and comparable. The growth of the cabbage pith seemed to be mostly 
in width or diameter, since there was little or no increase in length at 
the position measured, and there was apparently only periclinal and 
transverse division of cells. Since the largi^st cells of the pith of the 
kohlrabi stem were nearly isodiamctric and the shape of the entire 
stem was similar to a spfiere, volume relations could be established 
on that basis if an accurate measure of average coW volume^- could ho 
made. No method was known, however, by wbi(‘h an aiteiirate volume 
could be obtained for cells which varied in size in dilhfient parts of 
both the pith and cortex and in shape during division and enlarg(finent. 
Certain linear relationships, based on diamter at a definite ])ositioT^, 
could be established, however. The results from a larger number of 
measurements show a somewhat simple growth ])at(ern. 

In order to secure a measure of the reTativ(f amount of ccdl division 
and c<fll eidargeinent <luring the growth of the pith, several types of 
m(‘asurem(*nts wen* made. Some of the relationships are shown in 
figure 1. The c(*Il dianufters of the c(»ntral pith zone and th(f [)(*riph<fral 
pith region were plot((*d against tli«f total pith dianufters on a double 
logHrithmic. grid for both kohlrabi and eabbage*. Tin* chang<‘s in 
ndative size of the cells and the tissue can tluai be easily (h‘terniined by 
nufasuring the ratio between the cell size and pith size at numerous 
stages during increase in size of the pith. This r(*lationship can lx*, 
expressed by usi^ of the value of the constant of relative growth as 
used by Huxley If the change in relative size of cell and pith is 
constant and the values at diflercnt sizes are plotted against each other 
logarithmically, a straight line will be formed. The slope of this line 
which can be measured by the. value of the constant, k, denotes the 
relationship between the two size variables. For example, if roll size 
is increasing at the same rate as organ size, then the line slopes upwai*d 
at an angle of 45° and the value of k is equal to 1.0. If the cell size 
increases more slowly than the organ size, k is less than 1.0, and its 

* From Huxloy's formula for measurinp^ the relationgblp Iwt ween the magnltiideg of two variables. Whore 
X Is the value of the organ and v that of the varying part, the relation between them is log if«log 6-filc log j, 
where b and k are constants, b indicates the value of y when x-1, and is of no importance here. The value 
of k denotes the relation between the two variables. This simply means that if two variables which follow 
this formula are plotted against each other on a double logarithmic grid their values will fall in straight lines. 
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value measures the relation between the two variables. If cell size is 
not increasing as rapidly as organ size, the difference in the relative 
value between them must be due to cell division. The relative amount 
of cell division to cell enlargement can then be calculated from the value 
of the relative growth constant or the relation between these two 
variables, or k. These relationships are, of course, independent of 
time and of absolute rate of growth. 

As may be noted (fig. I, a, 6), growth in the central pith zone in 
both the kohlrabi and the cabbage was due to both cell division and 
cell enlargement. Cell division was responsible for most of it, how¬ 
ever, up to a total pith diameter of about 2.2 mm., since up to this 
point the relative growth constant k is equal to 0.2 to 0.3. In other 



l<'j(a’iiK J. (VII ]>lotted logaritliiiiically aKHiii.si ])ith diainrU'r during 

develojuiieiit of the kohlrabi and cabbage .steins. h, Central pitii cells; r, </, 
peripheral pitli cells. The sliarp break in h at a pitli diameter of 4 to 5 mm. 
shoNN.s the cell ndationshiph there at the tinn* of clev»'loj>m(*nt of the inner 
nieri^tematic zoim‘. 


words, 20 to 30 percent of the growtli was due to cell enlargement, 
the nunaijider, to cell division. At the pith diameter of about 2.5 
mm., the kohlrabi central pith showed a rather sharp increase in 
relative rate of cell enlai'gement which extended to a total diameter 
of about 4.2 mm. At the 4.2-min. diameter, cell enlargement was 
evidently responsible for about 75 percent of the growth. Cell 
division rate decreased at about the same stage in the cabbage, but 
up nearly to maturity it was responsible for about 50 percent of the 
increase in diameter of the pith (fig. 1). There was no sharp inflection 
point or position where cell division stopped and cell enlargement 
began. 

The central meristematic zone already described appeared in the 
kolilrabi pith when it was between 4.0 and 4.5 mm. in diameter. 
With its appearance there was a sharp decrease in the average cell 
diameter in this region, as shown in figure 1, 6. Thereafter, up to a 
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pith diameter of about 12 mm., cell division was responsible for about 
80 percent of the growth in relation to the tissue as a whole. As 
growth continued, cell division was accompanied by more and more 
enlargement after each division, until at between 70 and 90 mm. in 
total diameter, the inner pith ceils were enlarging at the same rat;e 
as the pith diameter, and Ar=1.0. Cell division evidently had then 
ceased, and the growth was due entirely to cell enlargement here. 

The peripheral pitli colls of both the kohlrabi and the cabbage were 
measured in successive stages of stem development in order to com¬ 
pare their relative rate of cell division and enlargement with that of 
the central cells just described. The peripheral pith cells measured 
were those from about the fifth to tenth cell removed from and inside 
the vascular bundles. The same general relationships appeared in 
both the kohlrabi and the cabbage up to the time of development of 
the inner meristematic pith zone in the kohlrabi, or to a pith diameter 
of about 4.5 mm. (fig. 1, c, d). Up to this point in the kohlrabi, 
and throughout the growth of the cabbage, the relative rate of cell 
division to cell enlargement was greater in the peripheral zone than 
in the central one. In other words, growth due to proportionately 
more cell enlargement occurred first in the center of the pith. From 
the center toward the periphery, there was a definite gradient in 
this type of growth which could be observed readily by microscopic 
examination at increasing size of the tissue. The difference in rate of 
cell division in proportion to cell enlargement in the two zones is well 
illustrated by the constantly greater value of k (fig. 1) for the central 
pith of the cabbage and during the early growth of the kohlrabi. 

The general relationship just described was upset somewhat by the 
devedopmont of the central meristematic zone in the kohlrabi pith. 
Evidently, fiO to 70 percent of the growth at the periphery of the 
koldrabi pith was due to cell division until a pith diameter of approxi¬ 
mately 0 mm. was reached. After that size was attained there was 
very little <’hange in cell size or in relative rate of cell division until 
rapid cell enlargement took place soon after the period of rapi<l en¬ 
largement of cells in the central pith just before maturity (fig. 1). 
The peripheral i)ith cells then remaine<l larger than the inner oiu's 
throughout most of the period <»f enlargoment of the kohlrabi st<un. 
This is evidently a very unusual situation in plant tissues, however. 
In fact, examination of the cells inchide<l in the central meristemati<* 
zone showed that within it the largest cells w'en‘ usually found nearest 
the center. 

RELATIVE NUMBER OF CELLS 

The regression line in figure 1 shows the relative changes in cell 
size at increasing kohlrabi pith size, and from thes(^ one may see where 
increase in cell number must be taking place most rapidly in propor¬ 
tion to pith size, as already described. Nevertheless, in order to 
clarify the relative changes in cell iiiimber, the actual number of cells 
can bo plotted against the pith volume of the enlarged stem or *‘knob” 
of the kohlrabi (fig. 2). Because of the extreme range in number of 
cells, as well as in pith volume, it was more convenient to plot the 
logarithms of the values rather than the actual values. The measure¬ 
ments were made, their logarithms located on the graph paper, and 
then regression lines drawn through them as in the other figures. 
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The nuiTfibor of cells at any stage in the growth of the kohlrabi pith 
can bo dotennined approximately by dividing the average volume of 
the cells into the pith volume. To determine the average volume of 
the pith cells, three regions were used: The center of the pith, the 
outermost part of the developing meristematic pith region (after it 
appeared), and the peripheral pith zone. The average cell volume 
for each was calculated on the basis of a sphere. Then a weighted 
average cell volume was calculated, based on the respective volumes 
of the inner and peripheral pith zones. The cell volume thus deter¬ 
mined was then divided into the total pith volume, based also on a 
sphere. The results from 121 plants used in these determinations fit 
into a linear rc'grc'ssion line (fig. 2). The logarithms of the actual 
values are shown, sinei' cell number and organ volume are more nearly 
logarithmic or m\dtiple, than additive relationships. Because of the 



PITH VOLUME (LOG CUBIC MILL IME T ERS ) 

Fku'ke 2.--I>oKttnthm i)f cell number plotted against logarithm of pith volume 
ill the kohlraiii stem during development of the edible portion. The sharp 
increase in relative cell number at a pith volume of about 1.7 marks the be- 
ginniiig of tlie rapid cell division in the inner pith. 

method of calculation, th(*se results are not as accurate as those 
presented in figure 1. Nevertheless, the line shows that cell number 
increases rapidly in tlie early stages of growth and increases more 
slowly when the pith is between 2.5 and 4 mm. in diameter. In the 
later stages, the advent of the central pith cell divisions was indicated 
by th(' sharp inen^ase in cell number. The rate of increase was thcre- 
aft('r fairly constant until near maturity, when there was a gradual 
reduction in rate of increase' in number of cells. 

The changes in cell number in the cabbage were calculated on the 
basis of the diameter, that is, the number of cells across the pith in 
proportion to the diameter of the pith and to that of the stem (fig. 3). 
The line in this figure which compares the cell number to the diameter 
of the pitli is more accurate, since the pith was growing more rapidly 
than the stem as a whole. If they had been growing at the saine 
relative rate, either method of comparison would have been satis¬ 
factory. As may b<' noted (fig. 3), the number of cells increased at a 
fairly constant rate throughout the growth of the stem. 

l!74r)2;J—JO-5 
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CELL RELATIONSHIPS IN THE CORTEX 

The relationship between the size of the cortical cells and the size 
either of the organ as a whole or of the tissue itself was so variable 
that a graphic presentation of the results would not be very reliable. 
The cells varied in size considerablj; in different plants of the same 
diameter and also at different positions in the same plant. Never¬ 
theless, measurements of cell and tissue diameters were made here 
with as much accuracy as feasible by the same method as used in 
the pith. 

The cortex increased from a radius of 0.2 to 0.3 mm. when the stem 
was about 4 mm. in diameter to a radius of l.t5 to 2 mm. when the 
stem of the kohlrabi was 90 to 100 mm. in diameter. The same rela¬ 
tionship was shown in the cabbage, but growth of the cabbage st('m 
was limited to 12 to 14 mm. in diameter. There was much h^ss in- 



Figure 3. —Cell number plotted against pith and stem diameter during the 
increase in diameter of the cabbage stem. The number of ceils rej>ret>onts 
those in a cross-section or diameter of the pith. 

crease in cell size with increase in tissue size than in the pith cells. 
The average diameter of the cortical cells incrcas(*.d from about 30/x 
to 40/i during the development of the kohlrabi st(un. rericlinal and 
transverse cell division persisted to maturity. The cabbage jdauts 
showed the same relationsliips in proportion to the diameter of the 
stem. 

RELATIVE GROWTH RATE OF PITH AND ORGANS 

The pith diameter was plotted against the total stem diameter at 
increasing sizes of the kohlrabi and cabbage stems in order to deter¬ 
mine the relative growth rates of the pith and stem in these plants 
(fig. 4), Sinnott (5) presented results which showed that in the 
species he studied, the pith increased more rapidly than the remainder 
of the stem and that in progressively larger stems ‘the pith assumes 
an increasingly greater share of the total size and tissues outside it 
a smaller and smaller one.'’ Since the pith in kolilrabi included 65 to 
70 percent of the diameter of the stem when it was 3 to 4 mm. in 
diameter, and 90 percent of it at maturity, it is evident that the pith 
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increased in size more rapidly than the body or stem. Nevertheless, 
the relative value of this difference in the growth rate of the pith and 
the stem as a whole was not great. As pointed out by Hudey (j?), 
comparatively small variations in the value of k, when plotted on a 
logarithmic scale, will give large differences if growth continues over a 
great range in size. 

The value of k was determined at several regions along the regres¬ 
sion linos (fig. 4) and for the lines as a whole. In all cases, k assumed 



Fiiji KE 4.—Pitli diainoter plotted (logarithmically) against total stem diameter 
of the kohlrabi and cabbage. Both regression lines show k values of very 
nearly 1.1 throughout the growth of both stems. 


a value of very nearly 1.1. This means that the pith was growing 1.1 
times as rapully as the stem as a whole. It might be supposed that 
the development of the central meristematic pith zone in the kohlrabi 
would increase its rate of growth in relation to the entire stem, since 
this zone precedes the formation of the ‘‘knob'' or edible portion of the 
kohlrabi, which is composed of about 90 percent pith at maturity. 
This was not Uie case, however. It is especially significant that the 
value of k remained the same here throughout the growth of the 
stem in spite of the great increase in rate of cell division at the pith 
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diameter of about 4.5 mm. It is also significant that the growth con¬ 
stant k is very similar for both the cabbage and the kohlrabi (fig. 4); 
that is, the regression lines slope upward at the same angle. The 
difference, insofar as these tissue relationships are concerned, was 
simply in the size of the stem, not in changes in pith and stem growth 
relationships. In both plants, therefore, the growth of the pith has 
the same positive and constant differential growth relationsliip to 
organ or stem growth. In other words, the cabbage pith might be¬ 
come as large as that of the kohlrabi without change in its growtl) 
relationship to the entire stem; it is just a matter of extent of total 
growth. 

GRAFTING TESTS WITH KOHLRABI AND CABBAGE STEMS 

Several grafting tests were made to determine whether it was possibh* 
to affect the cell relations of cither cabbage or kohlrabi stems l)y 
interchange and substitution of plant parts. For instance, it was 
especially desirable to know whether a cabbage stem would assume 
any of the characteristics of the kohlrabi if the upper portion of a 
plant, or that bearing the leaves, was of kohlrabi and the lower portion 
of the stem was of cabbage, and also whether there would D(‘ any 
transmission of cell and tissue characteristics if an approach graft of 
the stems of the two plants was made. In this way the cells and tissues 
of one plant could be caused to grow for a considerable distance along 
the stems in direct contact with those of the other plant. 

It was found that cabbage and kohlrabi stems could be grafted 
rather easily. Several types of grafts were made at different stiiges of 
growtli and at different positions on the plants. It is only necessary 
to state here that in no case did either plant seem to affect the cell or 
tissue relations in the other. In other words, the cells of each plant 
retained their owm morphogenetic nature regardless of their relation¬ 
ship to cells of another genetic character. These results are, perhaps, 
not surprising to those who are familiar with stock and scion rela¬ 
tions in horticultural material. Nevertheless, they secun worthy of 
note in vi(‘W of the recent work on the relation of transfer of certain 
growth substances to cell activity in plants. 

DISCUSSION 

The results of studies of kohlrabi and cabbage stem growth are 
significant because the plants, which are closely related geiudically, 
were found to b(‘ similar in certain tissue growth relationships but 
markedly different in others. The decrease in relative rat(' of cell 
division, first in the innermost part, of the pith and then gradually 
toward the periphery, is notable, since the same general treinl has 
been noted in petioles (4) and cucurbit fruits {6), As in these fruits, 
there was much increase in cell volume, especially in the kohlrabi pith, 
even during the period of cell division. The inflection point marking 
the end of cell division and the period of cell enlargiunent was not so 
clearly marked in kohlrabi and cabbage stems, however, as was noted 
in cucurbit fruits. In general, however, there was a gradual decrease 
in the relative rate of cell division to cell enlargement as the stems in¬ 
creased in size. Thus these observations and calculations show that in 
tiiis pith tissue there was more and more cell enlargement after each 
cell (livision. 
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Tli(* development of tlie central merisUraatic zone in the pith of the 
kohlrabi seems remarkable, since this zone is the first to show a de^ 
creasing rate of cell division in the early stages. The medullary bundles 
are evidently not concerned with the initiation of this zone, since rapid 
cell division begins before these bundles are laid down. It is significant 
that as soon as these innermost cells reach a diameter of about 95 m 
they begin rapid division. During the growth in size of the pith, the 
cells farther and farther removed from the center reach that diameter, 
and then they start rapid division. The most peripheral pith cells do 
not reach 95m until very late in the development of the stem, and this 
slow iiKTease in size may be the reason why these peripheral pith cells 
never become extremely meristematic, as do the more central cells. 
The basic reason for the early difference in relative rates of cell division 
to cell enlargement between the central and peripheral pith cells is not 
clear. 

In the cabbage, rate of cell division decreases first in the central 
])ith, then in successively more peripheral cells, as in the early stages 
of kohlrabi growth. Its activity persists longer in the extreme peri- 
])heral pith and in the cortex (considering only the primary tissues). 
These results suggest that perhaps some growth substance or physio¬ 
logical factor associated with the bundles might be responsible for the 
delay in maturity of nearby cells. Such a factor would not explain 
the condition in the pith of the older kohlrabi, however, where the 
C(»ntral meristematic zone develops. 

That there is no relationship between ceU division and total growth 
of pith size in proportion to stem size is well illustrated in this study. 
In spite of the advent of the very meristematic zone in the kohlrabi 
pith, the same rate of growth relative to the stem as a whole obtains 
lu'ro as in its earlier growth, and as in the cabbage stem. The morpho¬ 
genetic difference between the kohlrabi and the cabbage stems seems 
to be due largely to the pemstence of cell division, accompanied by 
cell (enlargement, to a greater stem size before growth ceases. The 
(liffer(enc(‘ is also partly due to the greater size finally attained by the 
kohlrabi pith cc'lls. 

It may be concluded that there are several morphogenetic factors 
involved in the development of size differences in the stems of closely 
related plants. Thus, the genetic factors concerned with histological 
development are responsible for several definite structural differences 
between the cabbage and kohlrabi stems. Some of these can be meas¬ 
ured by a quantitative analysis of structural changes during the 
course of development. 

It would seem that a more fundamental solution to many horti¬ 
cultural problems could be obtained if more were known of the histo¬ 
logical development of the plants or plant parts concerned. More 
might be known also about the influence of different practices or 
treatments on the relative rates of cell division and cell enlargement 
and on tissue and organ size ndationships. 

SUMMARY 

In developing kohlrabi and cabbage stems cell diameter in the pith 
and cortex was compared with pith and also with stem diameters. 

The greater size of the kohlrabi stem was due largely to a greater 
number of cells, although some of the difference was evidently due to 
cell size. 
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The pith, of which the edible kohlrabi is largely composed, grew at 
the same rate, relative to the entire stem, throughout its development, 
and at the same relative rate as that of the cabbage pith to its stem. 

There was no sharp point of demarcation between the cell division 
stage and the cell enlargement stage in the growth of the pith and 
cortex of these stems. 

The innermost cells of the pith increased most rapidly in size, and, 
in the kohlrabi, were the first to become very meristematic again 
after a definite size was reached. 

By use of grafting tests with kohlrabi and cabbage stems, it was 
found that the cells of each plant retained their own morphogenetic 
nature even though they developed in direct contact with each other. 

Some factors involved in the histological differences between the 
stems of the two plants are discussed. 
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THE APPARENT DIGESTIBILITY AND NUTRITIVE VALUE 
OF BEARDLESS WHEATGRASS AT THREE STAGES OF 
MATURITY 1 

By William II. BuRKirr * 

Research assistant in animal husbandry, Washington Agricultural Experiment Station 

INTRODUCTION 

The digestibility and nutritive value of range grasses in the green, 
immature stages have not been studied extensively by research workers 
and there is little information available concerning the relative feeding 
value of range forage at various stages of maturity. 

Some studies have been made concerning the changes in the chemi¬ 
cal composition of range plants as maturity advances. However, the 
chemical composition is not a true index of the nutritive value, partly 
because of differences in coefficients of apparent digestibility of the 
various organic nutrients and because of certain other differences such 
as those relating to palatability. 

The study reported in this paper was made to determine the chemi¬ 
cal composition and the coefficients of apparent digestibility of the 
organic nutrients of beardless wheatgrass (Agropyron inerme (Scribn. 
and Smith) Rydb.) at a 3- to 5-inch stage, a 7- to 10-inch stage, and 
a headed stage of growth. These three stages of development nvdll 
hereafter be referred to as the early, medium, and late stages, respec¬ 
tively. Beardless wheatgrass is an important native range bunchgrass 
in the State of Washington and the Pacific Northwest. It is quite 
similar to bluebunch wheatgrass (A. spkatum (Pursh) Scribn. and 
Smith) except that the former, as the name implies, is awnless, 
whereas bluebunch wheatgrass is awned or beai'ded. 

REVIEW OF LITERATURE 

SEASONAL VAIUATION IN CHEMICAL COMPOSITION 

Much of the work concerning the seasonal variation in chemical 
composition has been done with tame grasses. Tliis review includes 
papers which deal only with range grasses. 

AicCall ( 11 ),^ in studying the chemical changes of bluebunch fescue 
{Festvea idahoentiis Elmer) clipped at semimonthly intervals, found 
the pi-otein content declined from 25.55 percent in the j'oung growing 
grass to 4.50 percent in the mature grass 4 months later. The amount 
of crude fiber increased as the plant matured and nitrogen-free 
extract reached its highest point at maturity. The values for crude 
fat showed a tendenigr to decline as maturity advanced and crude ash 
values showed the opjiosit e trend. The highest percentages of calcium 
and phosphorus were found in the young grass. The phosphorus 

1 Revived for publication February 26, 1940, Published as Scientific Paper No. 449, College of Agri¬ 
culture and Agricultural Experiment Station, State College of Washington. 

- The author wishes to express his appreciation for helpful suggestions and criticisms to Jerry Sotola and 
IT. Hackedorn, of the Washington Agricultural Experiment Station, and to £. H. Stefien, of the coilege 
faculty. 
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content declined more rapidly than the calcium content as maturity 
advanced. 

Seasonal changes in the chemical composition of blue grama 
(Bouteloua gracilis)y haiiy grama (Bouteloua hirsua)y and curly mos¬ 
quito {Hilaria helangeriYvrcvc^ studied by Stanley and Hodgson {17), 
Amounts of moisture, crude protein, and phosphorus were high in the 
young plants and decreased as the plants matured. The percentages 
of total ash and the ether extract content showed no definite trends. 
Amounts of nitrogen-free extract and crude fiber increased as maturity 
advanced. The percentage of calcium was highest when the plants 
were young. 

Gordon and Sampson (7), working with graminaceous, grasslike, 
and broadleaved herbaceous species of foothill range plants, found a 
rather orderly decline in the percentage of crude protein, a silica-frc^e 
ash, calcium, phosphorus, and potassium from early growth to plant 
maturity. The percentage of crude fiber increased as maturity 
advanced. The most rapid changes in composition occurred from the 
early leaf stage to the full-bloom period. 

liart, Guilbert, and Goss {8) found that the dry matter of Cali¬ 
fornia range forages varies from that of a protein-rich concentrate 
during the early vegetative stages to that of a poor roughage during 
the drought period. 

The carotene content of black grama (Bouteloua eriopoda (Torr.) 
Torr.) and mesa dropseed grass {Sporoholus fleiuosus (Thurb.) Rydb.) 
was found by Watkins (18) to be highest during the early growing 
season. 

Smith and Stanley (14) tested blue grama grass (Bouteloua gracilis) 
at three stages for vitamin A by the rat-growth method, and found 
that the young grass was a very potent source of vitamin A. There 
was only about one-half as much vitamin A in the grass at maturity, 
and after weathering had taken place the amount was negligible. 

According to Atkeson and his coworkers (4) little bluestem (Andro- 
pogon scoparius)y big bluestem, (Andropogon furcatus)y and buffalo 
grass (Buchloe dactyloides) have their highest carotene content in 
June. When growth ceases the carotene content quickly decreases. 

DIGESTION STUDIES 

Kennedy and Dinsmore (.9) conduct(*d one of the early digestion 
experiments with green range forages. They found the crude protein 
to be 68.0 and 63.9 percent digestible for western bromegrass (liromus 
marginatus) and native bluegrass (Poa sandbergii) with nutritive ratios 
of 1:8.5, and 1:8.7, respectively. The grasses were headed when fed. 

In an early experiment with a Guernsey cow fed mixed pasture 
grass, Armsby and Caldwell (2) found that the digestibility of all the 
nutrients decreased materially as the forage matured. 

Woodrnan, Blunt, and Stewart (21, 22) state that early grass is 
rich in digestible protein and is, in effect, a ‘Vatered” protein con¬ 
centrate. They found that crude fiber in young pasture gi*ass was 
about 80 percent digestible. The organic matter of pasture gi*ass 
was about 10 percent less digestible when grazed in June than when 
grazed a month earlier, according to Woodman and co workers (23), 

The dry matter in fresh young grass was 74.4 percent and crude 
fiber 80.4 percent digestible as determined by tests with two sheep by 
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Watson and Ferguson {20).^ Newlander and Jones (15) found the 
dry matter, protein, fiber, nitrogen-free extract, and ether extract of 
freshyounggrass to be71.0,76.5,74.4,77.9, and 40.0 percent digestible 
as detmnined with dairy cows. 

(’hristensen and Hopper (5) found that the digestibility of mature 
prairie hay consisting of 50 to 75 percent of western needlegrass 
{Stipa comata) was considerably higher when cut in July than when 
left until October. 

McCall* studied the digestibility of mature bluebunch wheatgrass 
(Agropyron spkatum) wliich was gathered in October The coefii- 
eients of digestibility as determined with six sheep were 36.0 percent 
for the diy matter, 50.6 percent for the crude fiber, 38.8 percent for 
nitrogen-free exact, and 32.0 percent for crude fat. The digestion 
coefficients for crude protein were negative and there was an average 
negative nitrogen balance of 17 gm. per sheep for the 10-day period. 
On an 88.76-percent dry-matter basis, the bluebunch wheatgrass con¬ 
tained 34.23 percent total digestible nutrients. 

Crampton and Forsliaw (5), working with rabbits, studied the 
intraseasonal changes in the nutritive value of pasture herbage chp- 
pings consisting of Kentucky blu(^ass, redtop, and wild wliite clover, 
cut at 10-day intervals, and found “a progressive decline in growth- 
promoting value and digestibility of herbage from spring until mid¬ 
summer and a complete recovery in both respects in the fall-growth 
material.” There was a gradual decrease in digestibility of dry 
matter, nitrogen, cellulose, and nitrogen-free extract as the season 
advanced, followed by a complete recovery in the fall months, 

EXPERIMENTAL METHODS AND PROCEDURE 

Crossbred range yearling sheep from Lincoln X Merino ew’es and 
Hampshire rums were used. The individual average weights ranged 
from 38 to 53 kg. (84 to 117 pounds). Each feeding period consisted 
of ]() days and was preceded by a 3-day preliminary period. A 
di“sci-iption of the metabolism cages and methods employed has been 
given by Solola (/5). 

Grass was clipped daily with sheep shears from native stands near 
Colton, Wash., of almost pure beardless wheatgrass wluch had never 
been plowed or cultivated. The bunches were clipped as close to the 
ground as was possible without injuring the crown of the plants. 
The grass was fed green and the sheep given all they w’ould consume. 
Five grams of salt containing 0.02 percent of potassium iodide was fed 
tlaily, and water was available at all times. 

Th(‘ trials on the medium and late grasses were conducted in the 
spring of 1938 and th6 early stage in the spring of 1939. The trial 
of the lat(' stage, was begun as soon as the grass was well headed and 
before it started to become dry. The anther-falling stage occurred 
when the late digestion trial was about half over. Analytical pro¬ 
cedures as recommended by the Association of Official Agricultural 
Chemists (5) were followed in making the analyses. 

* MrCAI.L, liALril. SEASONAL VARIATION IN THE CHEMICAL COMPOSITION AND DIGESTIBILITY OF CERTAIN 
SPECIES or RANGE GRASSES. 137 pp-, iHus, 1932. (Thosis, Wash, stale Col.] 
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CHEMICAL COMPOSITION IN RELATION TO MATURITY 

The chemical composition of beardless wheatgrass is given in table 
1 on the fresh basis and on the water-free basis. The dry matter of 
the grass was about 14 percent greater at the late stage than at either 
of the younger stages. The dry-matter content at the early stage was 
slightly higher than at the medium stage. This was probably because 
it was taken from an area which was drier and more rocky than the 
area from which the grass at the medium stage was clipped. As has 
been stated, the trials on the two youngest stages were conducted in 
different seasons, but a study of the rainfall and temperature of the 
two seasons does not show any appreciable differences in these two 
factors. 

The crude protein percentage decreased materially as the grass 
matured. There was a slight variation in the crude fat content but 
the changes were not marked. There was nearly twice as much crude 
fiber in the grass at the late stage as at either the early or medium 
stages. This is probably a major factor in the reduction of digesti¬ 
bility as the grass matured. The nitrogen-free extract increased 
about 5 percent in the late stage, and the difference was slight between 
the two younger stages. The crude-ash content remained about the 
same in the younger stages and increased slightly in the late stage on 
the fresh basis. 


Table 1. —Chemical composition of beardless wheatgrass at three stages of maturity 


Basis and state of 
maturity 

Dry 

matter 

Crude 

protein 

(NX 

6 25) 

Crude 

fat 

Crude 

fiber 

N.free 

extract 

i 

j Calcium 

1 PCa 

1 nUm 

1 (I‘as 1) 

Fresh grass: 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent ! Percent 

Pen e lit 

' 

Early .. 

32.49 

6 .75 

1 32 

\ «.04 

13. 05 

3 33 1 0, 14 

0 12 

1.17 

Medium_ 

31.80 

5,25 

1 30 

! 8 08 I 

1 12.97 

3 30 ; .11 

. 09 

1.22 

Late.. 

Dry matter: 

45. 51 

4.07 

1 57 

15.51 1 

j 

20.80 

3. r»6 1 .14 

.11 

1.27 

Early.. 


20. 79 

4 06 

24 75 

[ 40 16 

10 24 .44 

.37 

1 19 

Medium, . 


16. 52 

4 08 

28 24 

40.78 

10.38 .35 

.29 

1 21 

Late.. 

. 

8.95 

3. 45 

34.07 

1 45.71 

7.82 1 .30 

.24 

1 25 


The highest content of calcium and phosphorus in the beardless 
wheatgrass coincided with the youngest stage and decreased as tlu^ 
grass matured, with a slight widening of the calcium-to-phosphonis 
ratio. The content of calcium and phosphorus compares favorably 
with that found by McCall {11) for blucbunch fescue at corresponding 
stages of maturity. The calcium-phosphorus ratio does not e(iual 
the approximatelv 2:1 ratio found in the bones of animals, but lies 
within the normal limits of the 2:1 and 1:2 calcium-phosphorus ratios 
given by Maynard {10). 

DIGESTION STUDIES 

COEFFICIENTS OF APPARENT DIGESTIBILITY 

Table 2 contains the coefficients of apparent digestibility as d('ter- 
mined with individual sheep, as well as the average for each trial. 

The coefficients of apparent digestibility of all the organic nutrients 
decreased as the grass matured with the exception of the crude fat 







Sept. 15,1040 


Nutritive Value of Beardless Wheatgrass 


475 


which was slightly more digestible at the medium stage than at the 
early stage. The decline indigestibility was greater between the 
medium and late stages than between the early and medium stages 
of maturity. The nutrients at the two younger stages resemble those 
of a concentrate rather than a roughage. The fat and crude protein 
decreased most in digestibility as maturity advanced, followed in 
order by the fiber and nitrogen-free extract. 

Table 2 . —Coefficients of apparent digestihility of beardless wheatgrass at three 

stages of maturity 


Sta^e of maturity 

Sheep No- 

... 

Sex 

Dry 

matter 

('rude 
protein 
fN X 6 26) 

Crude fat 

Crude 

fiber 

N-free 

extract 




Percent 

Percent 

Percent 

Percent 

Percent 


f 1 


72 0 

80.0 

69.0 

77.0 

77.0 

Early. 

1 3 

M 

72.0 

80.0 

61.0 

79.0 

77.0 


1 4 

M 

71.0 

78 0 

63.0 

78.0 

74.0 

Averapo. 


— 

71.7 

79 S 

64.3 

78 0 

76.0 


1 

F 

68 0 

75.0 

67.0 

74 0 

74.0 


2 

F 

68 0 

76.0 

68.0 

76.0 

74.0 

1 

3 

F 

69.0 

77.0 

67.0 

77.0 

74 0 


4 

F 

69 0 

76.0 

66 0 

75 0 

75 0 


5 

M 

67.0 

75.0 

63 0 

73 0 

73.0 


6 

F 

67.0 i 

77.0 

65.0 

72.0 

73.0 

Avorapo. 



68 0 

76 0 

! 66.0 

74.5 

73 8 


1 

F 

62 6 

(>4.0 

1 46 0 

66 0 

67.0 


2 

F 

64.0 

62 0 

i 46 0 

70 0 

69.0 

• . .. - . 

3 

F 

64 0 

66 0 

4H 0 

69 0 

68 0 


4 

F 

c:lo 

i 65 0 

1 53 0 

66 0 

08 0 

A>(*rape. 



! 63 2 

1 61 2 

< 48 2 

i 67.8 

I 68 0 


DIGESTIBLE NUTRIENTS 

The digestible nutrients and nutritive ratios of fresh beardless 
wlieatgrass at the three stages of maturity are shown in table 3. 
Although the digestion coefficients of the various nutrients were 
lower in the late staee than in the immature stages (table 2), the 
percentage of total digestible nutrients of an equal weight of fresli 
green grass was about 6 percent larger than in either of the other stages 
as a result of the larger percentage of dry matter in the late stage. 

The difference in total digestible nutrients between the two younger 
stages \v as not marked, although the early stage w'as slightly higher in 
digestible nutrients than the medium stage, ovdng to the slightly 
higher digestion coefficients and the greater dry-matter content. 
The digestible nutrients depend on the dry-matter content as well 
as the digestion coefficients and would vary according to the dry 
matter wiien expressed on a basis of fresh grass. When computed oh 
a dry-matter basis, the total digestible nutrients were 72.10, 69.85, 
and 03.62 percent for the early, medium, and late stages, respectively, 
showing that the digestible nutrients in the dry matter decreased as 
the grass matured. 

Tliero was a marked difference in the quality of the feed at the 
three stages of maturity as evidenced by the protein content and 
nutritive ratio. The digestible protein decreased from 5.34 percent 
in the early stage to 2.61 percent in the lat^ stage. The nutritive 
ratio increased from 1:3.39 to 1:10.10 in these same stages. Wlien 
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put on a 10-percent moisture basis, the percentages of total digestible 
nutrients of the early stage and the medium stage were 7 and 5 percent 
higher, respectively, than the average total digestible nutrients found 
by So tola {16) for the leaves of first, second, and third cuttings of 
alfalfa hay. The nutritive ratios of the grass were slightly wider 
than for the alfalfa leaves. The total digestible nutrients for the 
grass at the late stage w^as about the same as for alfalfa leaves, but the 
nutritive ratio was about 3.5 times as wide. 

Tablk 3.—-Digestible nutrients in fresh beardless wheaigrass at three stages of 

nmiurily 


Stapo of maturity 

'I'olal 

drv 

maltor 

1 >ry 
riiHttor 

Oudo 
protoin 
(N X 
6.25) 

Crudo 

fat 

Crmio 

fiber 

N-froo 
oxtract 

'Potal 

dipo'^tiblo 

niitrlont'i 

Xiitn- 
tivo 
ral io, 

1 to - - 


JVrcrrC 

]*( rcent 

Percent 

Percent 

Percent 

Percent 

Percent 


Kaiiy. ... 

32 49 

23 41 

5.34 

0.85 

6 27 

9 91 

23 43 

3 3< 

Mofl'um_ 

31 KO 

1 21 70 

3 99 

.86 

6 . 71 

9 59 1 

22 23 

4 5; 

Lato___ 

45 51 

i 28 70 

2.61 

! .70 

10.50 

14.14 

28 96 

10 . It 


CONSUMPTION OF FRESH GRASS AND WEIGHTS AND GAINS OF SHEEP 

The daily consumption of fresh erass and the average gains made 
by sheep during the 10-day digestion trials are presented in table 4. 
The gains made on the grass at the three stages of growth decreased 
slightly as the grass matured. However, too much emphasis cannot 
be placed on the weight records and gains because of the short period 
involved and the weights being based on l-da 5 r weighings. The 
sheep also had free access to water before being w'eighed. 

The amount of fresh grass consumed dailv decreased wdth advanced 
maturity. This decrease was quite marked between the medium and 
late stages. 

Table 4. —Daily consumption of fresh grasSj average. weighlSy and gains by sheep fed 
beardless wheatgrass at three stages of maturity 


Stage of maturity 

Averapa 
weight 
of sht*op 1 

i 

Avfrago 
pain by 
shwp m 

10 days 

Average 
daily eon- 
sumption 
of frosh 
grass 

Early .. 

Kilograms 1 
42 07 

Kilograms ! 
1.89 

Kilograms 
3 10 

Mod mm . 

1 43.15 1 

1 78 

2 98 

Lat<‘. 

46 61 1 

1.30 

2.13 


CONSUMPTION OF DRY MATTER, DIGESTIBLE NUTRIENTS, AND CALCIUM AND 

PHOSPHORUS 

The average daily consumption of dry matter, digestible nutrients, 
and calcium and phosphorus per 45.36 kg. (100 pounds) body weight 
are given in table 5. 

The consumption of dry matter decreased materially as the grass 
matured eviui though the more immature fresh grass had a much higher 
percentage of water, necessitating the handling of more bulk by the 
sheep. Since the percentage of total digestible nutrients of the dry 
matter decreased as maturity advanced, it follows that the consump- 
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tion of digestible nutrients was less at the advanced stages of maturity. 
The differences in the dry-matter intake and different planes of nutri¬ 
tion at the three stages of maturity should have no effect on the co¬ 
efficients of apparent digestibility, as has been shown by Armsby (/), 
Watson and coworkers (19), anff Woodman and coworkers (23). 

The larger consumption of fresh grass and dry matter at the im¬ 
mature stages indicates that the young grass is more succulent and 
palatable to sheep than grass that is more mature. This should 
result in a larger consumption of digestible nutrients of a higher 
quality by animals when grazing on the more immature forage than 
when grazing on mature forage, with a resulting faster rate of increase 
in weight and growth. That such is the case is shown by the consump¬ 
tion and gain figures in tables 4 and 5. 

Table 5. —Average daily consumption of dry matter^ digestible nutrients^ and calcium 
and phosphorus per 1^5M kg. {100 pounds) body weight by sheep fed beardless 
wheatgrass at three stages of maturity 


Stage of maturity 

Dry matter 
consumed 
daily 

Total digest¬ 
ible nutrients 
in dry 
matter 

Total digest- 1 
iblc nutrients 
consumed 
daily 

Calcium con¬ 
sumed daily 

Phosphoras 

consumed 

daily 

Early . 

Orama 

1,072 

931 

i 

Percent 
\ 72 10 

Orama 

773 

Grama 

4.72 

Grama 

3.97 

Mt'dimu . . . 

1 69.85 

050 

I 3.26 

1 2.70 

Lat«*. . .. 

m 

1 63.62 

7)50 

2 60 

! 2.08 


The onlcium and phosphorus figures show a rather large daily intake 
of both of these minerals. The consumption is from two to three 
times greater than the calcium and phosphorus requirements esti¬ 
mated by Mitchell and McClure (12) for growing Shropshire sheep. 

NITROGEN BALANCE STUDIES 

The data of the nitrogen balance studies during the 10-day feeding 
period are presented in table 6. A positive nitrogen balance was 
shovkTi for all three trials. The nitrogen retention was greater for the 
two younger stages of maturity than for the late stage. The variation 
for nitrogen intake stored for the individual sheej) in the last two 
trials was quite large, being from 10 to 25 percent in the medium 
stage, and from 3 to 18 percent in the late stage. 


Table 6.— Average results of nitrogen metabolism- studies with sheep fed beardless 
wheatgrass at three stages of maturity 


1 

1 

tat e of inaturity 

1 

! Nitrogen , 

Nitrogen voided 


1 

Nitrogen 

1 

Intake 

i eon.‘*unied ; 

i ' 

i 

Foce^ 1 

Trine 

Total 

balance 

stored 

Early . . . 1 

Medium 

Late 

Grama | 
i 331 ! 

128 1 

1 1 

1 

Grama j 

i 

58 1 

1 •‘“i 

1 1 

Grama 1 
217 i 
140 

i 7U 

1 

Grama 

298 

198 

116 

Grama 

45 

43 

12 

"e cc I- « 

V, r-( *-l 
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SUMMARY AND CONCLUSIONS 

A summary of the results of 10-day digestion trials with yearling 
sheep fed beardless wheatgrass (Agropyron in^rme (Scribn. and Smith) 
Rydb.) at an early (3- to 5-inch) stage, a medium (7- to 10-inch) stage, 
and a late (headed) stage is presented. 

The crude protein content decreased as the plant matured while 
the crude fiber and nitrogen-free extract increased. The crude fat 
and crude ash showed slight increases. 

The coefficients of apparent digestibility of various nutrients de¬ 
creased as the grass matured. All the nutrients were highly digestible 
in the youngest stages. The crude protein was 79 percent digestible 
in the early stage as compared to 64 percent in the late stage. The 
decrease in digestibility was greater between the medium and tlie 
late stages than between the early and the medium stages. 

The dry matter of the grass at the early stage contained 72.10 
percent total digestible nutrients while that at the medium stage con¬ 
tained 62.85 percent, and when cut at the late stage 63.62 percent. 
The nutritive ratios for the three stages were 1:3.39, 1:4.57, and 
1:10.10, respectively. 

The daily consumption of fresh grass, dry matter, and total digestible 
nutrients decreased with advanced maturity of the grass. The sheep 
made larger gains during the digestion trial when fed the immature 
grass than when fed the more mature forage. 

The results of this study indicate that sheep grazing on the range 
may be expected to consume more total digestible nutrients daily 
of a higher quality from grass in the early and medium stages than 
from mature grass, and this should result in a faster rate of increase 
in growth and weight. A larger area of young grass than of mature 
grass, however, would be required to produce an equal amount of 
digestible nutrients. 
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DEVELOPMENTAL MORPHOLOGY OF THE 
POINT OP THE SHOOT AND THE INFLORESCENCE IN 
GRASSES ‘ 


By Mobgan W. Evans, associate agronomist, and Frederick 0. Grover, collabo¬ 
rator^ Division of Forage Crops and Diseases, Bureau of Plant Industry^ United 
States Department of Agriculture * 


INTRODUCTION 

Many thoroughgoing studies have been made of the development 
of the grass spikelet, flower, and caryopsis, and of the homologies of 
the floral parts, but the inception and early development of the in¬ 
florescence have received comparatively little detailed investigation. 
This lack, which exists for other plants as well as for grasses, has 
been recognized by various botanists (52, p, 922; 78, pp. 112-113)/ 

The object of the present investigation was to bring together and 
summarize as much as possible of the pertinent literature; to trace 
the morphological changes that take place in a growing point during 
its transition from the vegetative to the reproductive phase of its 
development; and to extend and clarify the laiowledge of the initia¬ 
tion, organization, and early development of the inflorescence of a 
number of representative grasses. 

This investigation ominated about 1920 at the Timothy Breeding 
Station, North Ridgeville, Ohio, as an outgrowth of an earlier study 
of the life history of timothy. After 1922 the investigation was 
continued in the botanical laboratory and greenhouses of Oberlin 
College, Oberlin, Ohio. Since 1935 sonae of the observations and 
illustrations have been made at the Ohio Agricultural Experiment 
Station, Wooster, Ohio. 


REVIEW OF LITERATURE 

The previous studies on the early development of the inflorescence 
of grasses may be conveniently grouped under the following headings: 
Structural Morphology, Physiological Morphology, and The Plasto- 
chrone. 


STRUCTURAL MORPHOLOGY 

The most extensive of the studies on structural morphology arc 
contained in 6 papers by Tr6cul (68, 69, 70, 71, 72, 73), published in 
1880. The first and last papers report comparative studies of the 
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developmental succession of branches and spikelcts in the inflores¬ 
cences of 20 or more genera of grasses. The other papers deal with 
the order of appearance of the primary vessels in the rachis and spikes 
in 6 genera. Tr6cul {68) described the leaf primordia of the nascent 
inflorescences of grasses as ^^bourrelets” or ‘^coUars/^ and the branch 
primordia, i. c., the secondary protuberances, as ‘^mamelons.^^ He 
stated that in many species of grasses the primary axis of the inflores¬ 
cence has its inerithalles marked by distichous rudimentary leaves 
that ordinarily encircle the axis in the form of collars which arc higher 
on the dorsal side, more rarely half-encircling in the upper part of the 
very young axis. These collars diminish in size as they occur higher 
and higher on the rachis, and the rachis is often free of them in its 
upper region. Tr6cul also state that in Phleum pratense L. and in a 
large number of other grasses the branches develop in succession from 
above downward on the lower part provided with collars, while they 
develop acropetally toward the tip. 

Goebel (:^5),*in 1884, studied the development of the spikelet in 13 
genera, and described briefly, and illustrated, early stages in the devel¬ 
opment of the inflorescence of Alopecurus ruthenicus Weinm., Setaria 
italica (L.) Beauv., and Cenchrus echinatuft L. In his discussion of the 
latter species, he described the manner in wrhich the protuberances 
branch and produce shoots of successively higher orders. The fol¬ 
lowing is a translation of his description: 

Each axis of the second order produces two rows of branches, "rhus there 
arises, first of all, a lateral branch to the rij?ht and to the left; each of these lateral 
branches branches again in a plane which crosses the plane of branching of the 
mother-axis. 

Extending the observations of Wigand (83, p. 90), published in 1854. 
Goebel in 1884 (28) and 1931 (SO) has divided the inflorescences of 
the Gramineae into two types, ‘‘dorsiventraP^ and ^Vadial,^^ the fomier 
having their lateral primordia distichous in the same plane as the 
primordia of the preceding foliage leaves and vegetative buds, the 
latter having them polystichous. He found the dorsiventral type to 
be by far the more general. Wigand gave Zea mays L. as the only 
member of the radial type known to him. To this Goebel added 
Setaria, Cenchrus, and Chloris radiata (L.) Sw^artz. As examples of 
^'falsely radial” inflorescences, Goebel named Alopecurus and Phleum, 
since in these the arrangement of the branch primordia is actually 
distichous and dorsiventral although the mature inflorescence takes 
on the appearance of radiality. In the present paper, evidence will be 
presented indicating that the so-called ^‘radial” type of Wigand and 
Goebel is also merely ^^falscly radial.” 

Tr6cul described three kinds of developmental succession of lateral 
primordia in the incipient inflorescence. Goebel, however, saw these 
as merely three modifications of the developmental relations of acropet¬ 
ally originating organs. These three relations were: 

(1) Acropetal primordia and acropetal devel<mment, occurring only in the 
^‘radial” type of inflorescence: e. g., in Setaria and Zea, 

(2) Acropetal primordia and basipetal development, occurring in Milium ejfu- 
sum L., Poa annua L,, Glyceria fluitans (L.) R. Br., Nardus, etc. 

(3) Acropetal primordia and ‘‘a speeding up'* of development in the middle 
region of the inflorescence axis, so that development is basipetal below this region, 
but acropetal above it, as in Secalc cereale, Alopecurus ruthenicus, and Phleum 
pratense. 
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Observations on these types of developmental succession are 
presented in this paper. 

Weber (SO, 81) has recently published two important papers on the 
origin and early development of the inflorescence of a large number of 
grasses. He uses the terms acrotony, basitony, and mesotony to 
designate Tr^cuPs three kinds of development. 

Since the work of Trecul and Goebel incidental observations on 
the origin and early development of the inflorescence of certain of the 
Gramineae, chiefly cereals, have been made by a number of workers, as 
adjuncts to other studies. Among these are observations on barley by 
Lermer and Holzner (43) in 1888; on wheat, by Carruthers (15) in 
1892, Hays and Boss (33) in 1899, Jensen (37) in 1918, and Kiesselbach 
and Sprague (39) in 1926; on Hordeum distichum L. and Alopecurus 
geniculatus L. by Schuster (66) in 1910; on wheat, rye, and barley 
by Schneider (61) in 1912; on Poa pratensis L., Phleum pratense, and 
Setaria italica by Nishimura (46) in 1922; on Oryza saliva L. by 
Yamasaki (87) in 1928; and on Monerma repens Beauv., Stenotaphrum 
subulatum Trin., and Cornucopiae cucuUatum L. by Helm (34) in 1934. 

In his description of the nascent inflorescence of wheat, Sch leider 
(61)^ recognizing the relationship of the leaf primordia and the 
secondary protuberances which they subtend, said: *^Qn the axis of 
the spike, leaves continue to be initiated. In their axils the primordia 
of the spikelet axes appear as rounded humps. 

Studies have recently been made by Bonnett on barley (5, 8) in 1935 
and 1938, on wheat (6) in 1936, on oat (7) in 1937, and on com (9) in 
1940, all illustrated with photomicrographs. In his first paper on 
barley, Bonnett (5) correlated the stage of morphological development 
of the growing point or rudimentary inflorescence with the number of 
leaves on the shoot; in his paper on wheat he correlated the stage of 
development with the date on which it was observed. 

Noguchi (47), in 1929, made an exhaustive statistical study of the 
developmental changes in the primary shoot in 10 genera of grains, 
and illustrated and discussed briefly the early stages in the develop¬ 
ment of the inflorescence and flower. He regarded the apical growing 
region of the shoot, from the germination of the seed to the expansion 
of the inflorescence, as the ^^florescence-primordium,” treating its 
development under (a) its growth and (b) its morphological change. 

In the present study, stage a is referred to as the ‘‘vegetative phase^^ 
and stage b as the “reproductive phase’^ or as “the initiation or in¬ 
ception of the inflorescence.” 

PHYSIOLOGICAL MORPHOLOGY 

The effects of various environmental conditions, as, for example, 
soil nutrients (22, pp, 14-16), length of day ( 24 ) > and temperature 
(33, fig, f), on the vegetative and reproductive development of plants 
liave long occupied the attention of physiologists. 

More recently the developmental “aftereffects,” induced by tem¬ 
perature, by the photoperiod, and by certain otlier conditions during 
germination and early seedling stages, have been extensively studied. 
Kidd and West (38), in 1919, reported on a number of these “induc¬ 
tion” conditions and their aftereffects. 

In grasses “photopenodic induction” at germination and its after¬ 
effect during the transition from vegetative to reproductive develop- 
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ment have been studied especially by Rasumov (53) in 1930 and by 
Lubimenko and SCeglova ( 44 ) in 1931. 

Similarly, ^^^thermo-induction,’' or the aftereffect of germination 
temperature, in relation to the flowering of cereals, has been studied by 
a number of investigators (1, 27, 45, 48). Most of these studies 
however, have failed to give attention to the fundamental conditions 
of meristem activity and primordium differentiation. 

Purvis (62) in 1934 found m winter rye that both short days and 
low temperature at germination caused an increase in the rate of 
growth of the apical meristem, and that short days also favored 
the development of leaves, so that together they brought about an 
extension of the meristematic cylinder and increase in leaf ridges. 

Noguchi (47), on the other hand, hinted at a genetic factor when ho 
suggested that the elongated meristematic cylinder is characteristic of 
perennial forms, while the growing point which continues short and 
dome- or cone-shaped and in which only a few rudimentary phytomers 
accumulate, characterizes summer grains. He called the former ^^the 
winter grain type,” the latter ‘‘the summer grain type.” 

In most of the studies the environmental dondition has been re¬ 
garded as having a specific effect that can bo modified only slightly. 
Too little attention has been given to the anatomical condition of the 
plant preceding reproduction (55, 85), to the plant’s inherent develop¬ 
mental sequences and rhythms (01), and to the extent to which genetic 
and hereditary characters determine the plant’s responses to a given 
environmental factor (54, pv. 675-676). 

In this connection Noguchi (47) found that in six species of summer 
grain the average number of days after seeding, before the morpho¬ 
logical changes which initiate the inflorescence, ranged from 45 to 85. 
But in five winter grains he found that the approximate number of 
days after seeding before morphological changes occurred ranged from 
145 to 175. 

THE PLASTOCHRONE 

Since the only reference to the plastochrone that has been noted in 
the American literature is a brief observation by Foster (26), in 1932, 
and since the concept seems to offer a valuable approach to the study of 
certain problems of growth, it lias seemed wise to give a brief r6sunic 
of some of the more important European papers dealing with the 
subject. 

The concept was enunciated and the tcnn fii*st employed by 
Askenasy (4) in 1880. 

As a result of observations on the inteniodes of plants, Sachs had 
found that the more constant the environmental conditions the more 
uniform was the course of growth. With this as an assumption, 
Sachs (57), in 1873, selected a transverse zone 1 mm. long, lying close 
to the tip of a root, and measured its growth during successive equal 
intervals of time through its entire growth period. He found that the 
increment of growth of this tranverse zone during tlie equal time 
intervals differed in different parts of the growth period. 

Askenasy reversed this procedure and studied the time intervals 
required to inaugurate equal, very short, transverse zones or segments 
of the shoot. He assumed that if growth is approximately uniform 
under relatively constant environmental conditions the growling 
point must initiate the extremely short members of the segmented 
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shoot at constant intervals of time. To this unit time interval he 
gave the name ‘‘plastochrone.’' He found that the absolute duration 
of a plastoclirone differs in different plants, in different shoots of the 
same plant, and under different environmental conditions, but that 
under constant environmental conditions it is ^^a period of definite and 
uniform duration.'' 

Almost simultaneously, Westermaier {82) ^ in 1881, attacked the 
same general problem, confining himself to a study of algae, hepatics, 
ferns, and fern allies, all of which have a single apical cell. A transla¬ 
tion of his statement {82^ p. 45J^) follows: 

As time units I chose the time that elapses from the appearance of one segment 
wall in the apical cell to the formation of the next succeeding segment wall. I call 
this time a step. The absolute duration of the time which a step requires is 
immaterial. 

Klein (^0), in 1884, made an intensive study of tlie segmentation 
of the apical cell in 11 species of ferns. He found that the ‘'pace" of 
apical-cell segmentation is very inconstant. 

These approaches to the study of plant growth were almost com¬ 
pletely ignored until 1916, when Schiiepp {6S) employed Askenasy's 
method, extended its application, and confirmed his conclusions. 

Schmidt {60) in 1924, Schiiepp {64^ 66, pp. 792, 79S) in 1926-27 
and 1929, Foster {26, pp, 78, 79, 94) in 1932, and Priestley and Scott 
{51) in 1933 determined the plastochrone in various dicotyledonous 
])lants. 

Almost no studies have been made of the plastochrone in grasses. 
But Schiiepp {6S), in 1916, recorded the plastochrone of scale or 
catyphyll initiation in that form of Bambusa verticillaia which he 
studied as 2.1 days. The temperature and other conditions of growth 
were not stated. The plastochrone, at least in some species of grass, 
may be less for those rudimentary pliytomors of the inflorescence that 
are initiated after reproductive processes have begun than for those 
on the same axis that are initiated while the shoot is in a vegetative 
condition. Zimmermann {88), in 1928, has referred to the plasto- 
clironc in Hypericnm uralum, and Kliem { 4 I, pp. 285, 286), in 1937, 
to the plastochrone in Avena sativa. 

General observations on the succession of leaf emergence in grasses 
have been made by different workers. For example {22, p. 36), on a 
number of timothy shoots observed from September 13 to December 9, 
a now loaf appeared on an average of once in 14.0 days. On another 
group of shoots observed from April 18 to May 29, wnen temperature 
and other conditions were more favorable for growth, the average 
interval between the appearance of new leaves was reduced to 9.8 
days. The difference in the interval at which leaves emerged would 
suggest the probability of a difference in the plastochrone of phytomer 
inception and organization under the two conditions. 

As the term is used in the present study, the p^stochrone is the 
number of days required for the initiation and organization of a phyto¬ 
mer of a grass shoot up to the time a discernible leaf primordium has 
developed on it, not to the time of leaf emergence or expansion. 

MATERIAL AND METHODS 

The appearance of a young grass shoot such as timothy {Phleum 
pratense), when its growing point is at the stage corresponding with 
the description given below, is illustrated diagrammaticaUy in figure 1, 
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which shows a plant whose growing point is located within the leaves 
near the base of the shoot and near the surface of the soil. 

If the leaves of a young shoot are removed by means of a dissecting 
needle, the growing point may be found in the form of a minute, 



Figure 1.—Vegetative shoot of timothy. Dotted line at ground level; arrow 
directed to the growing i)oint. 

slender, often somewhat tapering, meristematic cylinder enclosed by 
the lower parts of the leaves that have developed. 

Most of the illustrations are habit drawings from living material. 
The method of maldng them was to dissect away carefully the leaves 
at the base of the growing points of a number ot shoots, to select one 
or more specimens suitable for illustrative use, and then to examine 
them under one of the lower powers of a comjiound microscope. In 
most instances the drawings were made with the aid of the camera 
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lucida. If the meristematic cylinder was in a comparatively early 
stage of development, all parts were drawn xmder the camera lucida. 
In older, less translucent and more complex stages, only the outlines 
were drawn with the aid of the camera lucida; the details were added 
without its aid. Some of the later drawings were made by the 
‘^double-vision^' method, and others were entirely freehand. 

Since considerable time was required for the study and illustration 
of a specimen, its tissues were likely to dry out gradually. To prevent 
this drying, microculture slides with the depression filled with water 
were used in some cases. The axis of the dissected specimen was 
severed just below the base of the cylinder by a veiy oblique cut. 
The specimen was then placed on the slide in a horizontal position 
with its base in the water cup. If a small amount of water was kept 
in the depression, the specimen received enough moisture to keep it 
in a normal condition, but the cylinder itself was above the water 
level; thus its appearance was not distorted. In other cases the 
specimen was supported horizontally on constantly moistened filter 
paper, the tip projecting beyond this above a film of water on the 
slide. 

During the course of this investigation, a study was made of eight 
species, in as many genera, belonging to seven tribes (S6). 

GENERAL MORPHOLOGY AND TERMINOLOGY 

In order to clarify the terminology employed in this paper, it wdll 
be necessaiy to present some of the conceptions of the morphological 
units of the vascular plants. 

In accordance with the practice of Arbor (3) and others, the root 
system and the ^^stem-leaf’^ or ^^shoot” system of Sachs (5S, 69) are 
regarded as the primaiy units of the plant. 

The adult shoot system may be simple or compound. The ‘'simple 
shoot^^ stage in the development of a seedling has been called the 
"primary shoot." But as Sachs 17;^) observed, "it often happens 
that lateral shoots of any order take root and become detached from 
the primary shoot; they then assume all its peculiarities, and may 
equally be' considered as primary shoots." The compound shoot 
system consists of the primary shoot plus one or more orders of lateral 
shoots. 

Sachs (33, p. 593) extended his conception of the shoot to the in¬ 
florescence, where the leaves are generally reduced or otherwise 
modified as "hypsophyllaiy leaves or bracts" or "sometimes are 
entirely absent from the inflorescence or from certain parts of it." 
Goebel p, 433), in 1905, supported this view. On the other hand, 
Dutailly (19), in 1871, insisted that in the Gramineae "the branches 
of the inflorescence are in no wise comparable to normal shoots." He 
based his conclusion chiefly on the behiavior of the vascular system 
in the branching of the inflorescence and of the foliage-bearing axes. 

In this paper the terminology of Sachs is adopted, and the term 
"shoot" is used when referring to parts of the inflorescence as well as 
to the foliage-bearing parts of the plant. 

Numerous attempts have been made to subject the "stem-leaf 
shoot" to analysis, with the object of establishing smaller and more 
basic units of morphological and physiological organization or of 
determining the direction of evolution of the complex shoot systems 
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now existing. For a presentation and review of some of the theories 
embodying these attempts, the followii^ writers should be consulted: 
Velenovsk^ (74, pp. 650-^561), 1907; Cook (J7, pp. 172-176), 1907; 
Bower {10, pp. IS^-ISS), 1908; Arber {3), 1930; and Bower {11, pp. 
BJilrSJie, 617-634), 1935. 

For more than a hundred years the segments that compose the 
shoots of vascular plants have been variously designated as merithalles, 
phyton units, etc. A considerable number of somewhat dijfferent 
phytonic theories have developed, according to which the shoot is 
built up of a succession of shoot segments or phyton units, the phyton 
unit being the true individual. In 1879 Gray {31, 7) emi)loyed 

the term ‘‘phytomer’* to designate one of these pnyton units or 
‘‘structures which, produced in a series, make a plant of the higher 
grade.'' More recently Weatherwax {78, p. 40), 1923, has amplified 
this definition thus: 

‘‘An intemode together with the leaf at its upper end, and the bud 
at its lower end, constitutes a phytomer, the unit of structure of the 
shoot." The bud may be “small and poorly developed, or sometimes 
represented by only a meristematic region." He later {79, p. 212 ), 
1930, added: “A single leaf arising from the upper end of eacn inter¬ 
node subtends a bud, or the primordium of one, which is bonie in the 
embryonic region of the lower end of the intemode next above it." 
The leaf and the bud of the same phytomer are therefore on opposite 
sides of the axis. 

For the purposes of this paper the phytomer is accepted as the seg¬ 
mental unit of the plant. In their earliest stages the segmental 
units of a grass shoot are referred to as rudimentary phytomers. 

From the standpoint of taxonomy, Hitchcock {35, p, 117) considered 
the spikelets to be the units of the infiorescences. However, in 
developmental morphology the phytomers of the inflorescence may 
be regarded as the units of organization just as the phytomers of 
which a vegetative shoot is composed may be regarded as the units of 
its organization. 


VEGETATIVE GROWTH 
THE GROWING POINT 

The terminal growing point of the shoot, or the “vegetative point" 
of Wolff {86), is composed of an apical meristem. The youngest and 
least differentiated of its cells at the extreme tip of the shoot form the 
promeristem, from which are directly derived the primary meristems 
that give rise to the fundamental tissues of the shoot. 

According to Douliot {18, p. 93), 1891, the promeristem and primary 
meristems of the growing point of grasses originate in two initi^ apical 
cells, the outer initial giving rise to a meristematic dermatogen while 
from the inner subjacent initial a primary meristem is derived that 
ultimately differentiates into plerome (central cylinder) and periblem 
(cortex). On the other hand, Porterfield (4S), 1930, recognized 
in the growing point of black bamboo {PhyUostachys nigra Munro) 
four vertically seriated apical initials, the dermatogen and periblem 
being derived from the two most distal initials, the outer and inner 
tissues of the plerome from the two lowest. 

Through the differential division and growth of the cells of the 
young plerome, periblem, and dermatogen, a succession of folds, or 
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ridges, result, as described by Schuepp {62) in 1914, Priestley (50) 
in 1928, and Priestley and Scott {61) in 1933. These ridges, arising 
in acropetal succession, constitute the first external indication of a 
segmental differentiation of the axis into regions composed of node 
and intemode, that is, into the phytomers which constitute the seg¬ 
mented shoot. In grasses the ridges arise on alternate sides of the 
growing point, forming distichous rows. The apical growing point 
and elongating meristematic cylinder of the shoot are for convenience 
regarded as a ‘Vegetative point” until the inception of the first pro¬ 
tuberances of the nascent inflorescence. Schmidt {60 ), 1924,Buder {12), 


1928,and Zimmermann 
{88\ 1928, haveroplaccd 
Hanstein’s ambiguous 
concepts of plerome, 
peribiem, and dermat- 
ogen with the con¬ 
cepts tunica and cor¬ 
pus; and Kliem { 41 ), 
1937, has made rigor¬ 
ous application of these 
concepts in his de¬ 
tailed study of the 
vegetative cone of 
Avena saliva and in 
his critical analysis of 
Rosler’s {56) use of 
these concepts. 

When a vegetative 
growing point is (ex¬ 
amined with the aid 
of a good pocket lens, 
from a direction coin¬ 
ciding with the median 
plane of the leaves, 
it appears somewhat 
translucent with trans¬ 



verse lines or ridtres Figure 2.—Photomicrograph of a growing point of 
PYtendinp* nernss it timothy at an advanced stage of the vegetative 

extenamg across ll, phase, showing distichous leaf ridges, 

givmg the cylinder a 

segmented appearance, the lower ridges being somewhat more con¬ 
spicuous than those above. When the cylinder is rotated 90° on its 
axis, it is found that the upper ridges do not completely encircle the 
cylinder and that th^ occur in two vertical rows placed 180° apart, 
tne successive ridges alternating with each other. This alternate 
arrangement of ridges corresponds with the alternate and distichous 
arrangement of the leaves of the shoot. A photomicrograph of a 
meristematic cylinder of timothy in its late vegetative phase, viewed 
at right angles to the plane of the leaves, is shcjwn in figure 2. 

The vegetative growing point of grasses ordinarily measures from 
0.5 to 1.0 mm. in length. In the species studied the growing points 
did not usually attain a length of 1.0 mm. until after they had passed 
the vegetative phase. 

As in timothy, so in Kentucky bluegrass (Poa prate^nsis) and many 
other grasses, tnere is no internodal elongation of the stem until about 
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the time the growing point enters the reproductive phase. The result 
is that during its vegetative phase the growing point remains close to 
the surface of the ground. On the other hand, in certain grasses, such 
as Canada bluegrass {Poa compressa L.), even the earliest internodes 
of the shoot become slightly elongated {25, p, 142 ), so that the grow¬ 
ing point is soon elevated somewhat above the position indicated in 
figure 1. 

THE LEAF FUNDAMENT AND EARLY LEAF DEVELOPMENT 

Each ridge, the origin of which is outlined above, makes rapid 
lateral growth until it completely encircles the axis as a somewhat 
oblique leaf primordium or leaf fundament. Meanwhile, the tissues 
of the lower or dorsal side of the ridge grow slowly, yet somewhat 
faster than do those of the upper or ventral side, until the ridge has a 
narrow free edge. 

If conditions are favorable for foliage development the free edge 
of the ridge finally elongates in the middle region as a leaf-blade funda¬ 
ment. For the purposes of this paper, the leaf fundament is arbi¬ 
trarily assumed to have become a young leaf when it exceeds 1 mm. 
in length and has enveloped at least half the axis. 

DEVELOPMENT OF INTERNODES AND BUDS 

The tissues of the very young phytomers, organizing just below 
the apical meristem, remain for a time in a highly meristomaiic 
condition with only slight structural differentiation. \Micn further 
structural differentiation sets in, it docs not occur unifonnly and 
simultaneously throughout the phytomer. Instead, the cells of the 
more distal portion of the axis of each phytomer gradually mature 
and become changed into permanent tissues, while most of the cells 
of the basal region, in proximity to a node, retain their meristematic 
character for a long time and may continue to add new cells to the 
axis of the phytomer. The axis is thus composed of intercalary 
mcristems separated from each other by maturing or mature tissues. 

While the shoot is in the young vegetative condition a bud may 
organize from the intercalaiy meristem at the base of a phytomer, on 
the side opposite that on which the leaf of the phytomer originates. 
The bud is, therefore, in the axil of the leaf that crowns the phytomer 
next below. 

LEAF DEVELOPMENT IN RELATION TO INITIATION OF NEW PHYTOMERS 

In some species, as teosintc (Euchlaena jnexicana Schrad.) and 
sugarcane (Saccharum officinarurn L.), the development of the leaf 
primordia into foliage leaves may for a time, under certain conditions, 
almost keep pace with the formation of new phytomers by the apical 
meristem, and the vegetative point may thus retain its hemispherical 
or rounded conical shape. 

In many species new phvtomers are laid down by the apical meri¬ 
stem somewhat faster tlian leaf development progresses. This 
results in a gradual and sometimes rather large accumulation, below 
the undifi*erentiated vegetative tip, of successive phytomers with 
rudimentary leaf fundaments and thus in a progressive elongation of the 
growing point into a slender meristematic cone or cylinder above the 
origin of the most distal foliage leaf. The number of rudimentary 
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phytomers that eventually accumulate in the growing point varies 
widely in different species. For example, in this study there were 
fount! in perennial ryegrass (fig. 5, B) accumulations of as many 
as 17 rudimentary phvtomers with more or less well-developed leaf 
fundaments. In quackgrass (fig. 3, B) and in timothy (fig. 9, B) the 
numbers may also become quite large. On the other hand, in orchard 
grass (fig. 14y B) only five or six rudimentary phytomers with leaf 
ridges were observed, and the growing points assume the form of a 
rather slender cone. 

THE INFLORESCENCE 

An inflorescence in grasses always terminates a vegetative shoot. 
The rachis is the central axis of the inflorescence { 14 , p. 41 S). A 
branch lateral to this primary shoot is called a secondary shoot of 
the inflorescence, or a shoot of the second order; one lateral to that 
is a tertiary shoot, or a shoot of the third order, etc. 

The development of the parts of the inflorescence follows funda¬ 
mentally, though with certain modifications, the same course as the 
growth of the v(igetativc parts of the shoot. Branchings occur, 
which may vary in number, in manner of growth, in the extent of 
elongation of their internodes, and in the type of spikelct and floret 
])ro(luced, the result being mature inflorescences of a great variety 
of form. Yet, notwithstanding this diversity in the form of the 
mature infl()rcsc('nces, their early development is fundamentally the 
sam(». 

TIME OF INITIATION OF INFLORESCENCES 

Tlie time when the growing point, or meristematic cylinder, under¬ 
goes the morphological change that definitely marks tlie initiation of 
the inflorescence varies with the species and variety, with the order 
of the shoot and its age, with nutritive and seasonal conditions, with 
the length of the daily period of illumination, with latitude, and 
with other factors. 

In the latitude of northern Oliio, the growing point of most perennial 
grasses, as for example, timoth3", ordinarily remains in a vegetative 
condition during late summer and fall and until April or very early 
in May of the following year. About this time there begins to be 
visible in tlie growing point certain morphological changes, indica¬ 
tive of changes in the physiological activities of the cells, that will 
result in structures predominantly reproductive in place of those 
predominantly vegetative. 

In annual grasses, whose seeds germinate in the early spring, the 
inflorescences originate and develop somewdiat later than do those of 
most perennial grasses. 

At the time of shooting,’^ that is, wdien the inflorescence emerges 
fi’om the enclosing leaf sheath, several weeks after the initiation of 
the inflorescence, the organization and most of the development of 
the inflorescence have been completed. 

TRANSITION FROM VEGETATIVE TO REPRODUCTIVE PHASE OF THE GROWING 

POINT 

In all species that have been studied, the transition from the vegeta¬ 
tive to the reproductive phase is usually marked by a sudden and 
vigorous elongation of the growing point and by an increase in its 
diameter. 
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At about this time, in all parts of the growing point, further develop¬ 
ment of the leaf fundaments is stopped. However, in the proximal 
region they may remain as distinct ridges, even in the mature inflo¬ 
rescence. Throughout the middle region, where the ridges are 
younger and not so well formed, they may gradually become ob¬ 
literated as the growing point expands in length and diameter, the 
obliteration beginning on the side of the axis opposite the one on 
which the midrib of each leaf would have developed (figs. 3, C; 
9, 6^). 

In the growing point of some species, such as perennial ryegrass 
(fig. 5, B) and timothy (fig. 9, J?), both of which are perennials, there 
is dm’ing the vegetative phase a gradual accumulation of a relatively 
large number of rudimentary phytomors with leaf ridges, accompanied 
by a corresponding change from a conical to a cylindrical form. In 
the growing point of the inflorescences of some other grasses, as in the 
staminate infloresceuicc of tcosinte (fig. 18, JS, and O), dming the 
vegetative phase there is an accumulation of only a limited number of 
phytomers with leaf ridges and the growing point has a conical form 
up to about the time that transition to the reproductive phase occurs. 
Tnere is then a rapid elongation of the (externally undifforontiatod 
meristem above the leaf ridges, and the growing point rather suddenly 
assumes a cylindrical form. In a third group of species, the growing 
points never become entirely cylindrical though they may approach 
that form. Th(3y remain more nearly conical. Orchard grass (fig. 
14, B and C) is included in this group. 

BEGINNINGS OF THE INFLOKKSCENCE 

The morphological change in the growing point that marks the 
definite inception of the inflorescence is the formation of lateral 
swellings or protuberances at the base of some of the rudimentary 
phytomers. The first protuberances to appear are formed in the axils 
of the most recently organized and least developed leaf fundaments, 
and at corresponding positions by the next more distal phytomers that 
lack leaf fundaments. 

Each of these protuberances represents a lateral growing point and 
may be regarded as the homologue of the primordium of a vegetative 
bu(i (^, p. 44^; 52), Since it is the primordium of a secondary shoot, 
or a shoot of the second order of an inflorescence, it may be called a 
secondary protuberance. In order to emphasize the pronounced 
morphol^ical differences between the encircling ridge growth of the 
leaf-base fundaments and the very localized swellings of the primordia 
of lateral shoots, the latter will be referred to hereafter simply as 
protuberances. These secondary protuberances are the fundaments 
of the foundational skeletal structure of the inflorescence. 

In timothy and in many other grasses, a large proportion of the 
phytomers of the nascent iimorescence have more or less well-developed 
leaf ridges at the time when secondary protuberances begin to form. 
In such species the number of rudimentary phytomers with leaf 
fundaments varies with the time the shoot has had for vegetative 
growth before the initiation of the inflorescence in the spring. 

Distal to the region of inception of the earliest protuberances, the 
apical meristem continues for a time to organize new phytomers 
acropetally. As each phytomer reaches a certain stage of organiza¬ 
tion it gives rise to a secondary protuberance at its proximal end 
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without forming a leaf fundament at its distal end; the successive 
protuberances, therefore, alternate with each other distichously, as is 
illustrated by the uppermost phytomers in figure 7, C. The number 
of secondary protuberances arising from the hitherto external^ un¬ 
differentiated apical region of the growing point differs in different 
species, varieties, and races. This may result in a mature inflorescence 
most of whose secondary shoots (primary branches) originated in this 
acropetal succession of protuberances without subtending leaf fimda- 
ments. In the inflorescences of other grasses most of the secondary 
shoots of the inflorescence develop from phytomers with leaf funda¬ 
ments that accumulated before the inception of the inflorescence. 

Simultaneously with this acropetal development, there occurs down¬ 
ward a successive activation of localized meristems, previously dor¬ 
mant, which results in the appearance of protuberances in the axils 
of successively lower loaf fundaments (figs. 3, E\ 7y E). The strength 
of this activation lessens basipetally with the more pronounced veg¬ 
etative organization of the phytomers, the protuberances that arise 
being successively smaller. In other words, each of the more proximal 
phytomers in these rudimentary inflorescences is still so physiologically 
and structurally plastic that the character of its growth activity grad¬ 
ually becomes altered to such a degree that it finally initiates the 
primordium of a secondary shoot of the inflorescence instead of con¬ 
tinuing the growth of the leaf it had already originated. How^ever, 
the sexualization of the very low^est phytomers of an inflorescence is 
so greatly delayed and is so incomplete that they are able to form 
only small, oftep imperfect or sterile spikelets. 

The nascent inflorescence presents the anomaly of having protuber¬ 
ances originating in acropetal succession in the distal region of the 
meristematic cylinder and at the same time in basipetal succession in 
the proximal region. 

The earliest protuberances at the middle region of the nascent 
inflorescence begin to develop further before the acropetal and basipe¬ 
tal formation of new^ protuberances is completed (figs. 3, FJ; 7, J5). 

In most grasses the apical meristem ends its activity by forming a 
more or less perfect terminal spikelet; but in some cases its activity 
may cease without the formation of a spikelet (^, p. 32, p. 177). 

Growth of Secondary Protuberances in Relation to Development of 

Leap Primordia 

During the vegetative phase of the development of a growing point, 
that part of each leaf primordium from which the midrib of the blade 
would develop is usually somewhat higher than the opposite part 
from which the overlapping free edges of the sheath would develop. 

Figure 5, C and D, show s view’^s of a very young rudimentary inflo¬ 
rescence of perennial ryegrass. Most of the" phytomers have formed 
leaf fundaments; a protuberance has formed in the axil of each of the 
leaf fundaments except the two lowest. The leaf fundament and the 
protuberance to which the same nmnber has been given have developed 
from the same phytomer. The uppermost protuberance has no sub¬ 
tending leaf fundament. 

The corresponding stage in orchard grass (fig. 14, C) shows more 
clearly that tne strong development of a protuberance at the base of 
a phytomer is accompanied by the elongation of that side of the 
phytomer, so that the slope of the leaf fundament at distal end of the 
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phytomer is reversed. This is well illustrated in phytoiners 2, 3, and 
4. If the leaf prirnordium at the distal end of the phytomer is weakly 
developed, the vigorous growth of the protuberance may obliterate 
the overlapping parts of the prirnordium whereas the midrib region 
still persists, as is seen in phytomer 5 (/. pr. 5 and sec. 5). Distal to 
this, the phytoiners have formed only protuberances or the leaf funda¬ 
ments have been completely obliterated. 

Change in Physiological Balance From Vegetative to Reproductive 

Activity 

From the structural relations outlined above, it seems clear that 
the phytomers in the lower part of any typical nascent inflorescence 
were being organized while the growing point was in a strongly vege¬ 
tative state; that during the organization of the middle part, progres¬ 
sive internal changes toward the reproductive state were taking place 
so that further development of the leaf fundaments of these phytomers 
was stopped soon after their initiation; and that in the distal part of 
the rudimentary inflorescence the growing point was in a strongly 
reproductive state, so that each phytomer organized a protuberance 
but no leaf fundament (fig. 7, (\ />, E, F). Thc^se figures seem to 
indicate in the lower part of the primary slioot two physiological 
and structural gradients running in opposite directions. The first 
gradient, that of vegetative activity manifesting itself in the origin 
and development of foliage leaves, passes with lessening stnuigth 
from the base distally. The second gradient, that of reproductive 
activity, manifests itself first in the production of ])rotuberances in 
the middle of the inflorescence, and passes downward for some dis¬ 
tance with decreasing strength. 

PLANTS WITH ONCE-BRANrHED INFLOKESC.’ENCES 

Once-branched inflorescences are morphologically the simplest and 
develop when the secondary protuberances —prirnordia of the second¬ 
ary shoots of the inflorescince—do not give rise to lateral protuber¬ 
ances of a higher order, but each instead mendy initiate's at its distal 
end a single spikelet. In such an inflorescence all the spikelets are 
of the second order, terminating shoots of the sanu'. order, exci^pt 
the one which may terminate the primary shoot and which is there¬ 
fore a primary spikelet, or spikelet of the first order. 

Typical examples of once-branched inflorescences are those of 
quackgrass and ryegrass. The pistillate inflorescence of teosinte 
(see fig. 20) is also once-branched. 

The primary spikelets of both once-branched and multiple-branched 
inflorescences have their glumes and lemmas in the plane of the foliage 
leaves and of the secondary protuberances of the primary shoot (figs. 3, 
F; 5, E and F; 7, F; 9, G). The distichous ordci* of the secondary 
spikelets is continued distally in the arrangement of the glumes and 
lemmas of the terminal spikelet, its lowest glume being on the opposite 
side of the rachis from the uppermost secondary spikelet. In its 
early organization, the terminal primary spikelet is somewhat pre¬ 
cocious. The prirnordia of its glumes and lemmas are usually laid 
down somewhat in advance of those on the one, two, or three second¬ 
ary spikelets immediately below it, and often some time before the 
secondary protuberances at the base of the inflorescence have begun 
to be organized. 
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Quackgrass 


In most once-branched inflorescences, and also in most or all of the 
multiple-branched inflorescences, the glumes and the lemmas of the 




Figure 3. —Quackgrass: A-F 
in the plane of the leaves, 
rnrn. long; B, more advanced vegetative growing point, 0.9 mm. long; C, transi¬ 
tion stage, protuberances about to form, 1.0 mm. long; D, secondary protuber¬ 
ances forming; B, glume primordia on the older protuberances; F and (r, two 
views, at right angles to each other, of an inflorescence in a late stage of organiza¬ 
tion, partly in outline, glumes and lemmas forming. 


, Seen at right angles to the plane of the leaves; (?, 
A, Growing point of a young vegetative shoot, 0.7 


secondary spikelets develop in a plane at right angles to the plane of 
the leaves of the shoot. This arrangement of the parts of the second- 
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ary spikelets is typified, for the once-branched inflorescences, by 
quackgrass (Agropyron repens (L.) Beauv.). ^ Vegetative growing 
oints and nascent inflorescences of this species are illustrated in 
gure 3, A-0. 

The earliest indication of spikelet formation occurs when ridges 

develop on the protuberances, like 
those on the older protuberances in 
the middle part of figure 3, E. Later, 
additional ridges form (fig. 3, F and 
G). The first ridge is the fundament 
of the lower glume, the second of the 
upper glume. Other ridges become 
the lemmas, which develop in acrop- 
etal succession above the glumes. 
Aftei’wards protuberances develop in 
the axils of some or all of the lemmas, 
as illustrated by the early protuber¬ 
ances in the axils of the first and 
second lemmas in the terminal spikelet 
in figure 3, F, From these protuber¬ 
ances in the axils of the lemmas, the 
florets form. 

A fully developed inflorescence of 
quackgrass is shown in figure 4. 

Perennial Ryeoraks 

In the once-branched inflorescences 
of Lolium, unlike those of cmackgrass 
and most other grasses, the glumes and 
lemmas of the secondary spikelets 
originate and develop in the same 
plane as the leaves of the primary 
shoot and as the glumes and lemmas 
of the terminal spikelet. Vegetative 
growing points and nascent inflores¬ 
cences of perennial ryegrass (Lolivm 
perenne L.) are illustrated in figure* 
5, A-F, 

A mature inflorescence of perennial 
ryegrass is shown in figure 6. 

On the lateral spikelets of the rudi¬ 
mentary inflorescences of perennial 
lyegrass, the primordium of the first 
gliune, the position of which would be 
next to the rachis, has been sup¬ 
pressed. However, according to Goe¬ 
bel p. 397). 

In Lolium temulentunif especially in the lower flowers of the inflorescence, it is 
frequently developed, seldom as an entire leaf, but usually replaced by two small 
leaflets, which are separated from one another by a broad intervening space. 

The rudimentary inflorescence shown in figure 5, had 25 phyto- 
mers producing lateral protuberances or spikelets, as compared with 



Figure 4. —Inflorescence of quack¬ 
grass soon after it has emerged 
from within the enclosing leaf 
sheaths 
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Figure 5.—Perennial ryegrass: A, B, C, and F, Viewed at right angles to the 
plane of the leaves; in the plane of the leaves. A, Growing point, early 
vegetative stage; B, growing point, late vegetative stage, with 17 rudimentary 
phytomers below a relatively long, still undifferentiated apical meristem; 
C and /), two views at right angles to each other of a very young rudimentary 
inflorescence just after the transition from the vegetative phase. L pr., leaf 
primordia; sec., secondary protuberances. Most of the phytomers have formed 
leaf fundaments; protuberances that are fundaments of spikelets have formed 
in the axils of all of the leaf fundaments except the two lowest. The leaf funda¬ 
ment and the protuberance having the same number have developed from the 
same phytomer; E, a middle stage of rudimentary inflorescence; basic skeleton 
complete with inception of terminal spikelet; lateral spikelets organizing acrop- 
etally and basipetally from the middle region; F, late stage in organization of 
the inflorescence: florets forming in the axils of the older lemmas. 
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only 19 in the more advanced specimen illustrated in figure 5, F. 
On any particular date during the period of initiation and formation 
of infiorescences, different stages of development may be found. 
At the same stage of development, there may be a considerable range 
in the number of phytomers of which the inflorescences are composed. 
Similar variations have been observed in the otlier grasses studied. 


PLANTS WITH MULTIPLE-BKANCHED INFLORESCENCES 

In grasses that are more than once-branched, as canary grass, 
timothy, orchard grass, and others, each secondary protuberaiice, soon 

after it is formed, begins to elongate 
somewhat and to organize*, tertiary 
^ ^ protuberances along its length dis- 

W ^ tichously and acropetally. These an* 

^ in a plane at right angles to the plane 

jJR of the secondary protuberances (fig. 7, 

Mk T) and E). From the ‘‘lateral’' faces 

of the tertiary protuberances, as they 
in turn elongate, quaternary protu- 
b(‘rances may develop acropetally, and 
Ir so on for the higher orders (tigs. 9, F 

and G; 14, F). 

Thus a much-braclied inflorescence 
■Uj may result, having (*ach successive 

M order of shoots at right angles to 

|f, those of the next low(‘r order. The 

Jf numb(*r of ordcTs of protuberances, 

£ and therefore of branches of the in¬ 
ly florescence, differs with the species and 

m in a gen(‘ral way is cha!'act(*ristic of 

V the s])ecies. As a nih*, however, in the. 

speci(*s studi(‘d the numb(*r of ordi^rs 
f did not. exce(*d four or fivi*. 

I Tin* extent of internodal elongation 

|i in the inflorescence differs gr(*atly in 

I different species. In some it is so 

I nearly negligible that heads and spik(*s 

I of a compact character result, as in 

I canary grass and in timothy, giving 

I “falsely radial” innoresc(*nces (£8). 

« T> • 1 Tv/r In many others tlu* internodal regions 

pigureC. —Perennial ryegrass: Ma- r ii \ l ixirii 

ture inflorescence, showing the nf some of the phytomers, both of the 
glumes and lemmas in the same primary shoot and of its branches, 
plane as the leaves of the shoot, (dongate to such an extent as to form 

axes of considerable length. This may 
result in loose and often relatively large inflor(‘sceiices, as, for example, 
the inflorescences of tall oatgrass and orchard grass, and the staminate 
inflorescence of teosinte. 

Organization of the latest and youngest protuberances of a given 
order does not necessarily precede the initiation of protuberances of 
the next higher order, instead, before the youngest secondary pro¬ 
tuberances have been initiated, tertiary protuberances begin to form on 
the older secondaries and even quaternary protuberances may have 
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Fi(iuuE 7.—Canary Rrass; All figures at right angles to the plane of the leaves; 
leaf priniordia {1. pr,) and secondary protuberances (see.) that are a part of the 
same phytomer have the same number assigned to them. A, Growing point 
of a young vegetative shoot; /f, growing point at an advanced vegetative stage; 
Cy a very early stage in the initiation of an inflorescence; the three proximal 
phytomers of the inflorescence proi>er, like the upi)ermost culm phytomers, are 
well advanced in vegetative organization; />, tertiary protuberances forming 
on the older secondaries; Ey the terminal spikelet organizing its two glumes; 
the beginnings of quaternaries at phytomers 11 and 12: Fy primordia of lemmas 
on terminal spikelet and of glumes on older lateral spikelets. For convenience 
in the correlation of Cy I)y Ey and F, the structures that are a part of or arise 
from corresponding phytomers are given the same numbers. If at a certain 
stage a particular phytomer has not yet initiated the secondary protuberance 
which the corresi)onding phytomer of another older shoot shows, as in Ey secs, 
1, 2, 3, and 4, then the potential but not yet developed secondary of the younger 
stage is given the corresponding number enclosed in parentheses, as in C and />, 
secs. (1), (2), (3), and (4). 
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begun to form on the older tertiary protuberances. Thus, protu¬ 
berances and ultimately spikelets of all orders may be forming simul¬ 
taneously in different parts of the inflorescence. 

Canary Grass 

Different stages in the development of growing points of canary 
grass (Phalaris canariensis L.) are illustrated in figure 7, A-F. 

In figure 7, Fj the lateral groups arising from phytomers 10 and 11 
appear to be the most advanced. Acropetally from these the groups 
from phytomers 12, 13,14, and 15 are less and less advanced, although 
most of these seem to be nearer the stage of spikelet organization than 

are any of those below phytomcr 10. 
The rudimentary tcnnmal primary 
spikelet is more advanced than any of 
the lateral ones developing from sec¬ 
ondary protuberances. Below phyto- 
mer 10, the development of the lateral 
groups is basipetally less and less ad¬ 
vanced, decreasing as the size of the 
subtending leaf base increases. 

A fully developed infloresc(Uiee is 
shown in figure 8. 

Timothy 

Vegetative growing points and nas¬ 
cent inflorescences of timothy {Phleum 
pratense) are illustrated in figure 9, 
A~G, 

Photomicrographs of four represc^nl- 
ativc stages in the development of 
the timotliy shoot and inflorescence 
are shown in figure 10, A V. 

Figuuk 8.-Innoresceiicc of . A fully developed inflorescene(‘ of 
canary grass timothy is illustrated m lifjure 11, yl. 

In a small percentage of inflores¬ 
cences of timothy, the leaf fundament crowning the uppermost inter¬ 
node of the culm, such as the one next above the basal leaf fundament 
in figure 9, C-D, may have a prolonged development and produce a 
short leaf sheath, with a more or less well-formed blade, subtending 
the group of spikelets of the most proximal phytomer of the mature 
inflorescence. Figure B, illustrates this. 

Tall Oatgbass 

The development of the vegetative growing point and of the young 
inflorescence of tall oatgrass (Arrhenatherum elatius (L.) Mert. and 
Koch) is shown in figure 12, A-F. 

The vegetative growing points of the primary shoots of tall oatgrass 
gradually become cylindrical in form, not greatly unlike those of 
quackgrass and perennial ryegrass. The final number of phytomers 
of which it is composed does not become so great as in the two other 
species mentioned, both of which are once-branched. Instead, in tall 
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Figure 9.—Timothy: A, B, C, B, and G. viewed at right angles to the plane of 
the leaves; B, in the plane of the leaves. A young, cone-shaped vegetative 
growing point; B, a cylindrical growing point at a late stage of the vegetative 
phase; C and B, two views of a nascent inflorescence just after the transition 
from the vegetative phase; the right of C is the face of B; the relatively large, 
well-established leaf fundament at the base crowns the second internode of the 
culm below the inflorescence; the next higher leaf fundament crowns the upper¬ 
most internode of the culm; B, a middle stage in the organization of the inflo¬ 
rescence; formation of inflorescence phytomers and of secondary protuberances 
nearly complete; tertiaries forming but not quaternaries; «cc., secondary pro¬ 
tuberances; F, diagrammatic vertical projection of cross sections of two successive 
phytomers of a young inflorescence of timothy, showing the arrangement of 
protuberances of different orders. The rachis is represented by I; two second¬ 
ary axes by IIi and II 2 ; and two axes of each higher order which have originated 
from each secondary one by IIIi, III 2 , IVi, IVa, Vi, and Vj. As these subsequent 
orders of protuberances develop, they become crowded from the positions which 
they otherwise might occupy; G, late stage in the organization of the inflores¬ 
cence; inception of terminal spikelet (torm.) and of lateral spikelets of different 
orders; all structures within a single bracket originated from one phytomer« 
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oatgrass provision for 
multiplication of 
spikclcts is made 
through the develop¬ 
ment of branches of 
higher orders rather 
than through a con¬ 
tinued increase in the 
number of secondary 
spikelets. 

Tall oatgrass illus¬ 
trates a phenomenon 
common among 
grasses with loose in¬ 
florescences, in which 
the proximal phyto- 
mer or phytomers of 
the s e c o n d a r y 
branch('s do not al¬ 
ways elongate; some* 
of the tertiary and 
even quaternary 
branches may nunain 
grouped at the bases 
of the secondari(‘s, 
forming clusters or 
p s (' u d o w h o r 1 s of 
branches at the nodes 
of the raehis. The 
moi’e distal internodes 
of the branches, how¬ 
ever, l(‘ngthen consid- 
(Tahly, giving rise to 
an inHor(‘scence of th<» 
p a n i e u 1 a t e t y p (‘ 
(fig. 13). 

OuCHAUU Gu.vss 


Figure 10.—Timothy: PhotomicroKraphs of vegeta¬ 
tive growing points and young inflorescences, all 
viewed at right angles to the plane of the leaves and 
of the secondary protuberances. A, Young vegeta¬ 
tive growing point at a slightly more advanced stage 
than the one illustrated in figure 9, A; /i, growing 
point at about the time of transition from vegeta¬ 
tive to reproductive phase—about the stage illus¬ 
trated in figure 9, C; C, a nascent inflorescence with 
secondaiy protuberances throughout the middle 
region; /), a young inflorescence in which the two 
rows of prominent protuberances in the foreground 
are tertiaries, developed on the flanks of the two rows 
of secondaries seen less clearly in the background 
on the extreme left and right. 


In the inflori'scences 
of many species of 
grasses, the branches 
or the spikelets or 
both, as in orchard 
grass, grow toward one 
side of the axis on 
which they are borne. 
On the branches of the 
starninatc inflores¬ 
cence of teosinte, also, 
the spikelets grow 
toward one side. 


Different stages in the development of the vegetative growing point 
and of the nascent inflorescence of orchard grass (Dactylis glomerata 
L.) are illustrated in figure 14, A-H. 
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A fully developed inflorescence is illustrated in figure 15. 

The vegetative growing point of the grasses studied usually, if 
not always, soon becomes slightly compressed, but without any appar¬ 
ent distinction between the two faces. In orchard grass, even when the 
earliest secondary protuberances are forming (fig. 14, (7), there are 
still few if any characters distinguishing the two sides. When, how¬ 
ever, the tertiaiy protuberances begin to form (fig. 14, D and E) the 
primary shoot is already strongly bifacial. This becomes even more 
pronounced at later stages and extends to the slioots of the higher 
orders, finally constituting one of the characteristic features of the 
mature inflorescence. Thus the one-sided character of the spikelet 
clusters is initiated at about the time when the secondary protuber¬ 
ances of the rudimentary inflores¬ 
cences begin to produce branch pro¬ 
tuberances of higher orders. 

Foxtail Millet 

In the inflorescences of the fore¬ 
going species of grasses, each pro¬ 
tuberance ultimately organizes a spike- 
let at its distal end. In foxtail millet, 
howiiver, some of the protuberances of 
the higher orders elongate into sterile 
bristles {28, p, 19). 

Various stages of the vegetative and 
reproductive phases of foxtail millet 
(Setana italica (L.) Beauv.) are illus¬ 
trated in figure 16, A-M, 

The specimt'iis illustrated in figure 
16, A-Kj are from shoots dissected in 
late Septcunber and early October. In 
the nascent inflorescenci' of figure 16, 
the irregularities in the primordia 
appt‘ar to be due to the initiation of 
protuberances. In the nascent inflo¬ 
rescence shown in figure 16, C, distal 
to the three phytomers crowned w'ith 
leaf fundaments, there are very rudi¬ 
mentary reproductive phytomers with¬ 
out leaf fundaments. Two of these Fir.uHE ii.— Timothy:^, Atypical 
phytomers are initiating groups of inflorescence; B, aii inflorescence 
three protuberances on their visible in which the most proximal group 
side. The central and uppermost pro- duced^^eaf^ subtended by a re- 
tuberance of each group is situated in 
the same plane as the leaf apex of the basal phytomer. 

The positional relations of the members of eacli group are such as 
to suggest that the central one of the three is an incipient secondary 
shoot and that the other two are the first and second tertiaries at the 
base of its lateral flanks. This simultaneous initiation of the second¬ 
ary shoot and its two lowest tertiaries, when taking place on the 
alternate sides of acropctally successive phytomers, would result in the 
appearance of protuberances in six longitudinal rows (fig. 16, /?, 
and F)f a condition characteristic of millet (75). 
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l IQURE 12.—Tall oatgrass. A and B, Vegetative growing points at different stages 
of development; C, nascent inflorescence; secondary protuberances are forming; 
D, the earliest tertiary protuberances are being organized on the lateral faces of 
the older secondaries, while additional secondary protuberances are continuing 
to de\dop acropetally and basipetally; E, additional tertiary protuberances 
have formed, and the glumes on the terminal spikelet have begun to develop; 
F, quaternary protuberances are developing on the flanks of some of the older 
tertiary branches. The terminal spikelet is more advanced and specialized than 
any of the lateral ones, protuberances representing florets having appeared in the 
axils of its two oldest lemmas. 
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With approaching cessation of apical elongation of the primary 
axis, the extremely short secondaries and tertiaries rapidly initiate 
groups of protuberances of higher orders (fig. 16, G), which later develop 
into groims of spikelets and oristles, disposed in six longitudinal rows 
(fig. 16, and in the mature inflorescence shown in figure 17. 

In order to obtain more precise 
evidence concerning the stages shown 
in figure 16, B and <7, studies were 
made in a later year of the growing 

E oints of vigorous plants that had 
een seeded in the open m early June. 

Strong shoots dissected in late July 
had formed a considerable number of 
rudimentary phytomers above the 
highest foliage leaf; secondaiy pro¬ 
tuberances were being initiated in 
advance of their tertiaries. At the 
young stage shown in figure 16, X, 
the secondary protuberances were 
being initiated acropetally and basip- 
etally from the middle region and 
the older ones were showing a decided 
extension of one flank. At the slightly 
older stage presented in figure 16, M, 
the primodria of two tertiary pro¬ 
tuberances were visible on the flanks 
of each of the older secondaries. 

Goebel (j?S) and others have classi¬ 
fied the inflorescences of millet and 
certain other grasses as belonging to 
the ^‘radial” type. These inflores¬ 
cences were supposed to be polys- 
tichous instead of distichous as in 
most grasses. The observations on 
millet made in this study show that 
the apparently polystichous groups 
actually originate from secondary pro¬ 
tuberances having a distichous and 
alternate arrangement, as such groups 
do in timothy. These results indicate 
that millet shoiild go in GoebePs 
‘^falsely radial*' type, along with 
Alopecurus, Phleum^ etc., the inflo¬ 
rescences of which are actually 
distichous. 

Teosintb 

In some grasses, as teosinte, the 
staminate and pistillate florets are in 
separate inflorescences, which liave 
different forms. The pistillate inflorescence of teosinte {Euchlaena 
mexicana) has already been referred to \mder the description of once- 
branched inflorescences. The staminate inflorescence is multiple- 
branched, with elongated internodes; different stages in its develop¬ 
ment are illustrated in figure 18, A-K. 



Figure 13. — Inflorescence of tall 




Figure 14. —Orchard grass. A, By C, Dy F, <7, and //, viewed at right angles to 
the plane of the leaves and secondary protuberances; E in the plane of the 
secondaries. Leaf priniordia (f, pr.) and secondary protuberances (jtfc.) are 
numbered from the base upward; a, fe, c, etc., are successive tertiaries; a', 6', 
c', successive quaternaries; A and By two vegetative growing points at different 
stages; Cy a nascent inflorescence, soon after transition from vegetative phase; 
1) and Ey a face and an edge of a rudimentary inflorescence at the stage in w^hich 
tertiary protuberances are forming on the secondaries; F, a slightly older in¬ 
florescence, the face of which corresponds with that of 1> and G; quaternary 
protuberances are just being initiated on some of the tertiaries; G and IIy 
opposite faces of a still older rudimentary inflorescence, sometime before the 
branches had begun to elongate; the right side of G is the left of H; the organiza¬ 
tion of the foundational skeleton of the inflorescence is now nearly complete; 
each numbered bracket includes a secondary with the tertiaries and quater¬ 
naries arising from it. 
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The first indication of the transition from the v^etative to the 
reproductive phase and of the inception of the inflorescence is an 
especially vigorous growth of the apical meristem of the grow¬ 
ing point, resulting in a relatively long, externally undifferenti¬ 
ated moristcmatic cylinder, slightly compressed in cross section 
and with a broadlv 

rounded summit. Fol- , / : ; / . * ! 


lowing or coincident 

with this first spurt ' J, 

of elongation, second- /^ ' 

ary protuberances be- \'m/L * ^ ' 

gin to form at the 
base of the cylinder 

(fig. 18, B and C). „ 

The process of ini- jHKj# 

tialion and develop- fliijPr 

merit on the central ^ 

axis of secondary pro- 

tuberances and their 1 

l(‘rtiaries {1^2^ contiii- ^ I 

lies in acropetal sue- 

cession as shown in a IT 

much later stagi* in fig- I 

lire 18, 1) and K. This I 

figure also illiistrat(*s 

the pronounced bifa- J 

ciality of tlie primaiy I 

shoot, which, together I 

with tlie fre([uent ten- I 

dency to droop in its I 

mature condition, has ^ 

caused it to be re- I wf 

garded as a st'condary I 

branch (77, p. 8£0), I 

In this inflorescence I 

the two proximal secon- I 

dariesand their lowest I 

tertiaries have devid- I 

oped into elongated • I 

lateral shoots, of which ^ I 

only th(‘ stumps are 

shown. Above these | 

the s e c o n d a r i e s and I 

tertiaries have not I 

elongated as branches. I 

Instead, each secon- i 

dary organized directly 1 i ' 

into a pediceled spike- I u . 

let and is tertiaiy into | 

a sessile spikelet. ^hu- Figitre 15. — Fully developed inflorescence of orchard 
ilarly, the proximal grass, 

elongated secondary 

shoots (fig. 18, F-J) organize their tertiaries into pediceled spikelets, 
their quaternaries into sessile ones. The elongated basal tertiary 


Figitre 15.- 


Fully developed inflorescence of orchard 
grass. 
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shoots organize their quaternaries into pediceled spikelets, their qui- 
naries into sessile ones. 



Figure 16.—Foxtail millet: A vegetative growing point; a nascent inflores¬ 

cence at a very early stage; C, a nascent inflorescence, slightly more advanced 
than B; D, E, and F, somewhat older inflorescences with six rows of secondary 
and tertiary protuberances; G, each secondary and tertiary forming a group of 
protuberances of higher orders; //, a late stage of organization; groups of rudi¬ 
mentary spikelets and bristles in longitudinal rows; diagrammatic; /, a group 
of rudimentary spikelets and bristles, adaxial view; a group of mature spike¬ 
lets and bristles, abaxial view; F, a group of bristles without spikelets, from the 
base of the inflorescence; L and M, nascent inflorescences of vigorous shoots; 
L, with secondary protuberances; M, tertiaries forming. 
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During the development of the rudimentary staminate inflorescence 
the tertiary shoots, originating from tissue at the extreme base of a 
secondary shoot, may be separated from the secondary by the ex¬ 
panding tissue of the primary axis. Very slight displacements of this 
kind occur in the inflorescence shown 


in figure 19, at secondaries 2, 4, and 5, 
and are shown diagrammatically in 
figure 18, K. In the panicles of some 
other grasses the most proximal ter¬ 
tiary shoots may also be displaced 
upward on the rachis for considerable 
distances above the secondaiy shoots 
from which they originated, in the 
manner described by Slrasburger 
{67, p, 118). 

A pistillate inflorescence with stam¬ 
inate spikelets in the distal part is 
illustrated in figure 20. The spikelets, 
each consisting of one floret with its 
silk (style and stigma), are arranged 
alternately in two ranks. This dis¬ 
tichous arrangement is continued into 
the distal part of the inflorescence, 
where each phytomer gives rise to two 
staminate spikelets instead of a single 
pistillate spikelet. 

LATEIl DEVEt.OPMKNTS IN THE INFIXIUES- 
OENI’E IN KELATION TO PHYTOMER 
INITIATION 

One might (*xpeet that spikel(‘t and 
floret formation would progress in the 
same order as phytomer organization. 
Actually this is not the case. It has 
already been pointed out that in gen¬ 
eral the earliest secondary i)rotuber- 
aiices appear in the middle region of 
the incipient inflorescence and that 
new protuberances are successively 
formed distally and proximally to 
these. However, further development 
of spikelets and florets takes place 
more rapidly in the distal regions than 
in the midcUe and basal regions of the 
young inflorescence. The exact order 
and extent of this progress differs in 
detail with different species. 

Corresponding with the more rapid 
specialization and sexualization of 



Figure 17.—Mature inflorescence 
of foxtail millet. 


the most distal and youngest phytomers and with the early 
development of spikelets and florets in that region, flowering ana 
maturing of seed also begin there {21^ figs. J, 2; 32, p. 15; 76, p. 1062; 
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84, p. 24)- TIio way in wliich blooming begins near the apex and pro¬ 
gresses more or less regularly toward the base of an inflorescence of the 
European species Phalaris truncata Guss. is illustrated in figure 21. 



Fi(;r»B 18,—Teosiiite: Ay A ve/?etativc growing H and C, opposite faces 

of an inflorescence at its inception; D and Ej opposite faces of tlic inflorescence 
at a considerably later stage of development; F and two views, edge and face, 
of a very young secondary shoot with tertiary protuberances, from the lower 
part of an inflorescence; //, an older secondary shoot with both tertiary and 
quarternary protuberances, abaxial view; /, an abaxial view of a secondary 
shoot at stage of spikelet organization;»/, an adaxial view of another secondary 
shoot at about the same stage as /; K, skeletal diagram of the lower part of the 
inflorescence showni in figure 19. 

That the last florets to bloom or the last seeds to mature in an 
inflorescence of grass arc those at its extreme base may be partly 



Oct. ' 1 ,1940 


Developmental Morphology of Growing Grass 


511 


explained for many inflorescences by the fact that they originated 
from the phytomers which were the last to produce secondary pro¬ 
tuberances. That this is not the complete explanation, however, is 
indicated by the fact that the most distal secondary protuberances 
originate later than those near the middle of the inflorescence, yet 
the florets near the apex may all be past bloom while in the middle 
region large numbers are still blooming (fig. 21). 

In some grasses, c. g., timothy, the latter phenomenon may be 
explained in part by the fact that near the apex of the inflorescence the 



Figure 19. —Staminate inflorescence of teosiiitc. 


secondary protuberances produce, through branching, relatively few 
protuberances of higher orders, while throughout the middle part of 
the inflorescence the protuberances continue for some time to sub¬ 
divide and produce higher orders of branches and spikelets. 

On the otner hand, the relatively early flowering and early maturing 
of seed near the tip of the inflorescence may be due to the gradual 
acropetal diminution in the number and size of the vascular^bundles 
of the axis, described by DutaiUy {SO), in 1873, and more recently 
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by Bugnon (IS), in 1920, and Arber (S), in 1928. Or, more specifically, 
to a condition of the phloem in the bundle s, r esulting in a “natural 
girdling” as was suggested by Roberts and Wilton (55), in 1936, for 
dicotyledons. 

DEVELOPMENT OF EITHER VEGETATIVE OR REPRODUCTIVE 
PARTS FROM THE SAME RUDIMENTARY PHYTOMER 

To determine whether an individual rudimentary phytomer of a 
grass shoot remains for some time capable of^either vegetative or 

reproductive devel¬ 
opment, depending 
upon the conditions for 
growth, timothy was 
grown under short and 
under long days. 

A number of plants 
were transferred from 
the field to the green¬ 
house on December 1, 

1925. They grew under 
natural length of day 
until January 9, 1926, 
then with 7 liours’ illu¬ 
mination each day until 
January 27, 1926. Each 
plant was then divided 
into two parts, one of 
which was grown under 
short-day, the other 
under long-day condi¬ 
tions, until hfarch 10, 

1926. The short-day 

plants were covered 

with a dark box from 

4 p. m. until 9 a. m., 
and were thus illumin¬ 
ated for 7 hours each 
day. The long-day 
plants were illuminated 
artificially, from about 
sunset until midnight 

each daj^, by means of 
an ordinary 200-watt 

Fiottre 20. —Pistillate inflorescence, with staininatc electric-light bulb SUS- 

spikelets in distal parts of tco.sintc. pended about 30 inches 

above the surface of the 
soil in which the plants were growing; they were thus illuminated for 
a total period of about 17 hours each day. AU the plants continued 
to grow with natural illumination from March 10 to April 14. 

I^or observation, shoots were scl^ted that had started their develop¬ 
ment at approximately the same time, had produced the same number 
of leaves per shoot, and were therefore relatively uniform. 
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When the plants were first placed under artificially controlled 
lengths of day, the leaves were removed from several typical shoots 
and a count was made of the number^offrudimentary phytomers in 
the growing point of 
each; there was an aver¬ 
age of 14.75 rudimen¬ 
tary phytomers per 
growing plant. 

Final records were 
obtained from four 
shoots grown under 
short days and from 
four shoots grown under 
long days. 

Under short days, all 
shoots remained in a 
vegetative condition 
and the number of 
leaves continued to in¬ 
crease until the close of 
the experiment; an av¬ 
erage of 8.5 new leaves 
per shoot developed 
from January 27 to 
April 14. Under long 
daj^s during the same 
period, an average of 
1.5 new leaves formed 
and on each shoot an 
inflorescence developed. 

By subtracting the 
number of leaves that 
developed on the long- 
da^’' plants from the 
number that deveiop(»d 
on the short-day plants, 
it is evident that on an 
average seven phyto¬ 
mers ill corresponcling 
positions produced 
leaves under short days 
but under long days 
became a part of tfie 
inflorescence. 

The results demonstrate quite conclusively that, for some time after 
the formation of a rudimentarv phytomer in the growing point of a 
grass shoot, it remains capable of developing either vegetative; or 
reproductive parts according to the conditions for growth. 

THEORY IN REGARD TO DISTICHOUS ORIGIN OF PARTS OF 
INFLORESCENCE IN ALL GRASSES 

In the representatives of the seven tribes of the grass fainilv that 
have been studied during this investigation, it has been foimci tliat, 
notwithstanding the great variety of forms which the inflorescence 



Figure 21. —Inflorescence of Phalaris tnincata Guss. 
on different days during the blooming period: A, 
First day; H, second day; C, seventh day; D, 
ninth day; eleventh day; F, fifteenth day. 
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assumes in its fully developed state, its initiation is always marked 
by the formation of protuberances arranged distichously in the same 
plane as the loaves of the shoot. This fact seems to j iistify the con¬ 
clusion that in all grasses the distichous arrangement of the leaves 
and of the primary branches on the vegetative part of the shoot is 
continued into the inflorescence without change in the sequence of 
homologous parts. 

It is generally thought that in maize {Zea mays L.) the pistillate 
inflorescence, or ear, and also the central axis of the staminate inflo¬ 
rescence, or tassel, have a polystichous phyllotaxy {28 \ 81, p. 90), 
Three or four theories have been advanced by different botanical 
writers and investigators as explanations of the way in which this 
polystichous arrangement originated (16; 78, pp. 110-113). However, 
the investigations described herein indicate that it is probable that in 
maize, as m other grasses, the arrangement of the spikelets on the 
central axis is fundamentally tlistichous. 

SUMMARY 

A study was made of the vegetative growing point of eight species 
of grasses, belonging to seven tribes; of the morphological changes 
that take place in the growing point during its transition from the vege¬ 
tative to the reproductive phase; and of the organization and early 
development of the inflorescence. 

In tne vegetative part of a grass shoot each internode, together 
with the leaf at its upper end and the bud or potential bud at its base, 
constitutes a phytomer. The young phytoiners of the vegetative 
growing point are called rudimentaiy phytorners. Their leaf funda¬ 
ments are at first slight transverse ridges, which quickly encircle the 
rudimentary axis. 

The growing point is at first cone- or dome-shaped, slightly com¬ 
pressed, usually a fraction of a millimeter long, consisting of a very 
few (usually one to three) rudimentary phytorners below the undiffer¬ 
entiated apical meristem. 

The apical meristem lays down the rudimentaiy phytorners, one 
after the other, in acropet-al succession and at rather regular intervals 
of time; this constant period is known as the plastochrone. 

There may be such a lag in leaf formation that the number of 
accumulated rudimentary phytorners gradually increases and the 
growing point assumes a cylindrical form. This occurs in such species 
as quackgrass, perennial ryegrass, timothy, and tall oatgrass. 

In certain other species, e. g., in the staminate inflorescence of 
teosinte, only a slight accumulation of rudimentary phytorners occurs 
during the vegetative phase, but at the transition to the reproductive 
phase the apical meristem elongates very rapidly into an externally 
undifferentiated cylinder from which the greater part of the inflores¬ 
cence develops. 

One of the earliest indications of the inception of an inflorescence is 
the appearance of swellings or protuberances. In many grasses they 
arise at about the middle region of the growing point, usually with a 
distichous arrangement, and continue to form for some time in both 
acropetal and basipetal succession. In the basal or proximal part of 
the inflorescence, each protuberance is in the axil of a ridge or leaf 
primordium; in the apical or distal part, they form without subtending 
ridges. These secondary protuberances have the same relative posi- 
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tion on the primary axis as the vegetative buds and are their homo- 
logues. 

In some grasses, such as quackgrass, perennial ryegrass, and others, 
the secondary protuberances do not give rise to protuberances of 
liigher orders. In many other grasses, such as timothy and orchard 
grass, the secondary protuberances do give rise to protuberances of 
successively higher orders. 

In some grasses, such as foxtail millet, the primary branches, 
that is, the secondary shoots, of the inflorescence seem to arise polys- 
tichously. However, evidence obtained in this investigation indi¬ 
cates that fundamentally the secondary shoots of inflorescences of this 
type originate distichously, as in other grasses. 

Environmental conditions largely determine whether vegetative or 
reproductive development takes place. For many grasses, length of 
day is one of the most important of these conditions. In timothy, 
under short days, all of the rudimentary phytomcrs developed vege- 
tatively; under long days, from rudimentaiy phytomers in corre¬ 
sponding positions on the growing points, reproductive development 
occurred. 

As a rule, each protuberance, whatever its order, ultimately organ¬ 
izes a spikelet at its apex. There is a general tendency for spikelet 
formation to begin in the upper middle region of the young inflores¬ 
cence and to progress both acropetally and basipetally. Further spe¬ 
cialization, however, is more rapid in the distal region than in the 
middle and proximal regions. Consequently, flowering and seed ma¬ 
turation progress from the apex towwd the base of the inflorescence, 
in tlie reverse order to phytomer formation. 
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A COMPARATIVE STUDY OF THE SEASONAL ROOT DE¬ 
VELOPMENT OF SOME INBRED LINES AND HYBRIDS 
OF MAIZE ^ 

By J. T. Spbncer * 

Agentf Division of Cereal Crops and Diseases^ Bureau of Plant Industry^ United 
States Department of Agriculture 

INTRODUCTION 

In an endeavor to gain further knowledge of the root system of 
com {Zea mays L.), an investigation was planned to include both the 
developmental and genetic aspects. Some of the primary objectives 
were as follows: (1) To obtain a detailed record of the ^wth of the 
root system of com from planting to maturity; (2) to determine the 
range in root characters among certain inbred lines; (3) to ascertain 
how these root characters are expressed in hybrid combinations; 
and (4) to identify any characters possibly associated with the force 
required to pull a com plant from the ground. 

HISTORICAL REVIEW 

Pavlychenko {IGY recently published an excellent review of the 
various methods employed in tne past in the study of root systems. 
In addition to his own ‘‘soil-block’^ washing method, he described 11 
different procedures used by previous investigators, viz, direct wash¬ 
ing, trench washing, steel-frame washing, soil-prism washing, concrete- 
compartment washing, nail-and-needle-brush washing, Hellricgers 
steel cylinder, water-culture and soil containers, observation pit, 
direct tracing, and Weaver’s trench method. Sayre ^ used the 
“lithium” method to determine the extent of corn root systems. 
After lithium had been placed in the soil at definite distances from 
the plant, the stalk was tested for its presence. By this means he 
hoped to determine the lateral extension of the root system. The 
results, however, failed to agree with observations made by the direct 
tracing of the roots. Sayre suggested that his results may more 
nearly represent the absorptive area of the com root system than the 
maximum extension of some of the individual roots. 

The majority of the investigations relating to the roots of com have 
been primarily concerned with the distribution of the roots in the soil. 
The reports vary widely as to the extension of the root system verti¬ 
cally and horizontally. Hickman (7), in Pennsylvania, and Farris (S), 
in New Jersey, found that the root system was relatively shallow. 
The maximum distance of penetration in New Jersey was only 2 feqti,^ 
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both laterally and vertically. Other reports on the distribution of 
the roots of corn have come from Morrow and Hunt {15), in Illinois, 
Hays (6), in Minnesota, King {11), in Wisconsin, Ten Eyck {24, 
pp, 333-346; 25), in North Dakota and Kansas, Shepperd {20, pp, 529- 
535), in North Dakota, Miller {14), in Kansas, and Weaver et al. 
{26, 27), in Nebraska. This group of investigators found corn roots 
at depths ranging from 4 to 8 feet and with lateral extensions ranging 
from 2 to 4 feet. In all cases the corn root system extended to con¬ 
siderably gr(‘ater distances than those reported from Pennsylvania 
and New Jersey. Several of these workers noted that the crown roots 
from the low^or nodes extended almost horizontally from the culm, 
whereas the roots from the higher nodes often extended nearly verti¬ 
cally into the soil. 

Less attention has been devoted to the seasonal development of the 
root system of corn than to the distribution in the soil of the roots of 
a mature plant. Hiclanan (7) obtainc^l measurements of the size 
of the root systems at 2, 4, 6, and 8 weeks after planting. In general, 
his observations during this period of growth agree with those in the 
present study. Weihing {28) examined corn roots 2, 4, 0, 8, and 12 
weeks after planting, both in })ots and in the held. Kotmistrov {18) 
found that iit)m the ^H)ushing^' to the flow^ering period maize roots 
averaged a daily growth of 1.5 cm. vertically and 0.8 cm. horizontally. 
Bensin {!), in Czechoslovakia, observed that the maximum extension 
of the roots was reached at the time of tasseling. 

In connection with the lodging of corn, the study of th(' root system 
has naturally assumed some importance. Hollxu t and Koehler (/?) 
designed a plant-pulling machine to determine tlie force requin'd to 
pull a plant from tJie ground. Koehler, Dungan, and Holbert {12) 
observed that an inbred strain of corn with the ability to stand erect 
possessed a root system about twice as large as that of a strain inclined 
to lodge. Hayes and McClelland (5) found that— 

* * * where parents (inbred lines) were widely different in ability to withstand 

lodging, the Fi was, in general, of intermediate habit, although there were some 
exceptions to this rule. When both parents had low lodging indices, the Fi crosses 
ivcre also low and w hen both parents had high lodging indices, the Fi crosses lodged 
severely, as a rule. 

Wilson {30) noted that tlie ])rcsonce of many brace roots and short 
distances betw^een the lower nodes of the corn plant were important in 
the prevention of lodging. Pettinger {17) found that potassium and 
phosphorus were especially beneficial in promoting strong root growth. 
The weather, however, w as found to be a more important factor in the 
determination of lodging than either the fertilizers or the cropping 
systems employed. Hall {4, p- 26) observed that lodging w^asdeter¬ 
mined by a compl<»x of morphological factors and— 

* * * that strong lines were strong because they possessed one or more charac¬ 

ters that correlate highly with erect plants and in spite of the fact that they also 
possessed certain characters that might be associated with w^eak lines. 

Literature relating to purely gt^netical studies of root characters is 
scarce. The only gene definitely identified in connection with a root 
character of corn has been described hy Jenkins (5). Plants exhibiting 
the effects of this gene have fewer primary (or main) roots than has 
ordinary corn. Kiesselbach and Weihing {10), studying mature 
plants, noted the comparative root development of selfed lines of com 
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and their Fi and F 2 hybrids. HybrMization markedly stimulated the 
penetration, spread, length, and diameter of the roots in the first 
generation, whereas those of the second generation were intermediate 
in these respects. Smith {23) noted that a high ratio of secondary 
roots to primary roots was the rule in ^^phosphate efficient^^ lines and 
that in the Fi a high ratio of secondary to primary roots was dominant 
over a low ratio. 

Some attention has been given to the seminal root system of com. 
Wiggans {29) reported that dent corn and popcorn usually have four 
^^temporary'^ roots (including the radicle). Flint and sweet corns 
usually have only one temporary root, the radicle. Siemens’ {21) 
results were similar to those of Wiggans, except that he found Michigan 
popcorn among those types that have no secondary seminal roots. 
Smith and Walworth {22) believed they had accumulated rather strong 
evidence for a significant positive correlation between yield and seminal 
root development, but Collins {2) advanced certain criticisms against 
their methods. Mangelsdorf and Goodsell {12) failed to find a 
correlation between seminal root development and yield in four out of 
five tests. 

MATERIALS AND METHODS 

The strains selected for the root studies consisted of four inbred 
lines, 50, 4-8, 51, and 84; two single-cross hybrids, 56 X 4-8 and 
51 X 84; and one double-cross hybrid, (56 X 4-8) X (51 X 84). 
The four inbred lines are at present Ixung widely used in Ohio in 
the commercial production of hybrid st^ed corn. Line 56 matures at 
about the average date at Wooster, Ohio, line 4-8 later than average, 
and lines 51 and 84 approximately 10 days earlier than average. 

Tlie planting was inad(' in the spring of 1937 at the Ohio Agricultural 
Experiment Station at Wooster as part of the regular fann rotation 
of corn-oats wheat alfalfa. The soil type, Wooster silt loam, is 
d(*rived from sandstone and shale, glaciated, and naturally well 
drained. 

The av(»rage monthly precipitation and temperature during the 1937 
season at Wooster closely approximated the 40-year average. 

The planting was arranged in four replications of three-row plots. 
Th(» individual plants were separated by a minimum distance of 40 
inches. 

The planting was made on May 27, and the first root samples were 
obtained 16 days later. The samples consisted of five root systems of 
(‘ach strain, and they were taken at random on the same day of each 
succeeding wi'ck until 15 weeks after planting. The root systems were 
removed from the ground in a cylinder of soil 16 inches in diameter and 
10 inches in d(‘pth, securely wapped with burlap, and thoroughly 
soaked prior to removal of the soil with a fine spray of water. Practi¬ 
cally no rootlets were lost by this washing process. Obviously, a 
cylinder of soil of these dimensions did not include the entire root 
system, but direct tracings of the roots by the trench method indicated 
that the great bulk of the root system, including practically all of the 
fibrous portions, was obtained. 

Direct tracing of the crown roots, by the trench method, was accom¬ 
plished for one plant of each strain at three times during the season. 
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THE SEMINAL ROOT SYSTEM 
DRY WEIGHT, COMBINED LENGTH, AND NUMBER OP SEMINAL ROOTS 

Table 1 gives the mean values obtained for the measurements of the 
seminal roots of the inbred lines and hybrids from the second to the 
seventh week after planting. The dry weights of the roots of the in- 
bred lines reached a maximum at about the fourth week and those of 
the hybrids at about the fifth week, after which time their drv weights 
decreased. At 3 weeks, the first internode of many of the plants 
began to show severe rot inju^. With the partial or complete death 
of the tissues in this region, it is doubtful whether the seminal root 
svstem was any longer active in absorption. At least 5 weeks before 
the crown root systems reached their maximum growth, the seminal 
root systems were entirely dead. It is believed that this premature 
death of the seminal roots was due entirely to the many injurious 
insects and fungi present in the field soil. 

Table 1. —Average weight, length, and number of seminal roots per plant in the 
inbred lines and hybrids from the second to the seventh week after planting 


Average values for seminal roots per 
plant from the second to the scveulh 

Inbred line or hybrid 



Dry weight 

Total length 

Roots * 

Inbred lines: 

Gram 

Centimftrrs 

Number 

.56. . . . 

0.062 

.53.3 

;i 1) 

4-8. . 

.080 

46,4 

4 0 

fil...... 

.086 

45.6 

3 4 

84.... . _ .. 

.06:1 

46.0 

.3.8 

Minimum significant difference *. 

.020 

12 4 

.37 

Hybrids: 




,56X4-8....... 

.143 

7X7 

4.7 

61 X 84. 

. 133 

64.0 

4.3 

(66X4-8) X (f>l X84)__ .. 

.166 

67.9 

4.3 

Minimum significant difference *__ . _ . . .j 

.038 

10.0 

.41 


1 Including the radicle. 

* Minimum difference for significance calculated as twice the standard error of a difference. 


Even 16 days after planting, the seminal roots of the hybrids 
exhibited marked hybrid vigor, in contrast to the roots of the inbred 
lines. This was apparent in the fact that the hybrids had a greater 
number of roots, with a greater dry weight and combined length. 
The hybrids showed significant differences only in respect to number 
of roots, whereas the inbred lines showed significant differences in 
number and dry weight (table 1). Consequently, the differences 
between the seminal roots of the inbred linos were reflected between 
the hybrids only in respect to the number of roots. 

It was of interest to note in what degree the seminal root develop¬ 
ment of the various strains correlated with the development of the 
crown roots and the shoot. Within neither group of strains was it 
possible to predict the relative number of crown roots from the num¬ 
ber of seminal roots, nor was it possible to predict the relative diy 
weight of the crown roots from the dry weight of the seminal roots. 
Likewise, the information on the number or the dry weight of the 
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seminal roots did not permit a reliable estimate of the potentialities 
for development of the top of the plant or the yield of grain. 

DISTRIBUTION OP SEMINAL ROOTS IN THE SOIL 

The direct tracing study by the trench method at 30 days after 
planting indicated a predominantly horizontal distribution of both 
the radicle and the secondary seminal roots. Maximum distances 
of penetration observed for the radicle were 4 inches vertically and 
7 inches horizontally. The secondary seminal roots occupied a posi¬ 
tion similar to that of the radicle. 

THE CROWN ROOT SYSTEM 
COMPARATIVE DEVELOPMENT OF CROWN AND SEMINAL ROOTS 

The crown roots began a rapid growth soon after germination and 
in a short time far surpassed the seminal roots in dry weight. At 
3 weeks after planting, the crown and seminal roots were about equal 
in dry weight. At only 6 weeks after planting, the crown roots were 
at least 25 times as heavy as the seminal roots, and for one strain 
the ratio was as great as 55 to 1. 

DRY WEIGHT OF CROWN ROOTS DURING THE GROWING SEASON 

Tlie increase in the dij weight of the crown roots of ^both the 
inbred lines and the hybrids is illustrated graphically in figure l,'-4. 
The data form a typical S-shaped growth curve. Distinct differ¬ 
ences in dry weight could be observed at 16 days after planting, and 
at 15 weeks most of the strains were widely separated. When fully 
developed the largest root system (56 X 4-8) was twice the d^ weight 
of the root system of the largest inbred line (4-8) and four times that 
of the root system of the smallest inbred line (51). The ratio of the 
dry weights of the roots between the two groups of strains, however, 
remained at a value of about 2 or 3 during most of the season. 

The maximum dry weight of the crown roots was attained at 
approximatcl}^ the time of silking for the majority of the strains. 
There was some indication that the maximum dry weight w^as attained 
the week following silking for two of the strains. Larger samples of 
(uich strain would be required to ascertain this point with greater 
accuracy. 

The maximum diy weight of roots attained by a particular inbred 
line was related in some degree to its time of maturity. For example, 
line 4-8 was the latest of the lines to mature and had the greatest dry 
weight of roots. Line 51 was the earliest and had the least dry 
weight of roots. Line 84, however, was nearly as early as line 51 but 
had a considerably greater dry weight of roots. It would, therefore, 
S(^em that at least among the inbred lines certain hereditary factors 
other than time of maturity influenced the maximum dry weight of the 
crown roots. Among the hybrids the maximim dry weight of roots 
increased in the order of the lateness of maturity of the strains. 

Differences in dry weight of roots among the inbred lines were 
reflected in the differences among the hybrids. The double^^ross 
hybrid had a root weight somewhat intermediate between the single¬ 
cross hybrids, but, as in many other root characters, it most nearly 
resembled the single cross 56 X 4-8. 
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A differential seasonal response seems to occur among the four 
inbred lines, as indicated by the dry weights of roots at 10 weeks and 
13 weeks after planting (fig. 1, B). On this basis lines 84 and 4-8 
should resist lodging best, followed by lines 56 and 51. At 13 weeks 



after planting the expected order would be: 4 8, 56, 84, and 51. No 
data are availabh; to test the differential seasonal root development 
as a criterion of the ability of a plant to resist lodging, but the problem 
is of suflScient importance to deserve further study. An examination 
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of the growth curves of the dry weights of roots of the hybrids shows 
that they differed little in dry weight up to 9 weeks after planting but 
that the differences increased after that time. Consequently, the 
possibility of a differential seasonal response with respect to lodging is 
likewise suggested for the hybrids. 

TOTAL LENGTH OF MAIN ROOTS OF CROWN ROOT SYSTEMS DURING THE GROWING 

SEASON 

The seven strains of corn differed in several root characters in addi¬ 
tion to dry weight. Table 2 gives the mean total length of the main 
roots of the crown root systems for two different periods during the 
growing season. Obviously, the hybriils had a considerably greater 
total length of main roots than did the inbred lines. Within each 
poup of strains, the differences are not so pronounced as they were 
in regard to dry weight. Line 51, for example, is the only one of the 
inbred lines differing significantly from the other lines in the total 
length of the main roots of the mature root systems. The total length 
of tlie main roots of the hybrids reflects a situation closely resembling 
that for dry weight of roots. The single crosses differed significantly 
in total length of the main roots of the mature root systems, but the 
double-cross liybrid differed significantly only from cross 51 X 84. 


Table 2, —Mean total length in centimeters per plant of the main roots of the crown 
root systems for the inbred lines and hybrids during two different periods of the 
growing season 


Inbred lino or hybrid 


Inbred lines: 

• • m . 

m 4-8 . 


51... 

84. 


^Minimum siR;nificant difforenct' . 
Hybrids: 

50 X 4-8. 

.51 X 84 

(66X4-8) XTSI X84) . . ' ..'.■‘. 'M'.' 

Minimum significant difference > .. 



Mean total length per plant of 
main roots of crown root sys¬ 
tems for period indicated 


Second to 
ninth week, 
inclusive 

Eleventh to 
fifteenth week, 
inclusive i 


Centimeters 

m 0 

Centim^ers 

931 5 


384.7 

292.8 

894.7 


.528.9 


.379.6 

932.5 

. 

59.96 

69.19 


528.4 

1,239.0 


479 9 

1,051.3 

1 

470.3 

1,200.5 


65.00 140.85 


‘ Roffinning with the tenth week, length measurements wore not taken on the roots of the lower three 
nodes because of the injury which they .suffered from insects and root rots. 

> Minimum difference for signiffeance calculated as twice the standard err(>r of a differenct'. 


NUMBER OP “FUNCTIONAL” MAIN HOOTS DURING THE GROWING SEASON 

Roots which cnti'rcd the soil were arbitrarily termed “functional." 
The root systems of the hybrids exceeded those of the inbred lines 
by a considerable margin both in dry weight and total length of the 
main roots, but this was not true with respect to the number of 
functional main roots (fig. 2). For this latter character, the root 
system of one inbred line (4-8), when fully developed, exceeded that 
of any of the hybrids. The root systems of the hybrids, however, 
had more main roots than the remaining inbred lines. The hybrids 
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showed only small differences in this character, but again 66 X 4-8 
and the double-cross hybrid were more nearly alike than were 51 X 84 
and the double cross. Each single cross more nearly reseinbled the 
inbred parent having the larger number of main roots than it did the 
inbred parent having the smaller number of main roots. 



2 3 4 5 6 7 8 9 10 II 12 13 14 15 

WEEKS 


Figure 2. —Number of main roots in the crown root systems of inbred lines and 
hybrids of maize from the second to the fifteenth week after planting. W17 is 
the double-cross hybrid (56 X 4-8) X (51 X 84). Curvets smoothed by com¬ 
puting a moving average of 3 weeks' data. 

Differences in the number of functional main roots were evident 
at 16 days after planting and remained fairly consistent during the 
growing season. The mean number of main roots among all the 
strains ranged from 5.6 to 7.7 at 16 days and from 50.0 to 79.2 at 
15 weeks. This root character, like dry weight and total length of 
main roots, reached a maximum value at or slightly subsequent to 
the time of silking. 
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ROOT DEVELOPMENT AT DIFFERENT NODES 
CHARACTERISTICS OP CROWN ROOTS AT EACH NODE 

The crown root system of corn develops by successively higher 
whorls of roots at closely set nodes. Theoretically, the scuteUar node 
is the lowest node of the plant, but for practical purposes, the lowest 
node that gave rise to a whorl of crown roots was designated as the 
first node m this study. Successively higher nodes with whorls of 
crown roots were numbered in the order of their occurrence. Despite 
the proximity of these lower nodes, they are nearly always distin¬ 
guishable, and rarclv is any diflSculty encountered in determining their 
exact sequence. The number of main roots per node increases rather 
slowly upward to the third or fourth node and then more rapidly at 
the nodes higher on the culm. A typical sequence of number of main 
roots for a mature plant of 56 X 4-8 from the first to the tenth node 
was as follows: 4, 4, 4, 4, 5, 7, 9, 12, 16, 13. 



. \ 


Fiourb 3.—Root systems of inbred lines and hybrids of maize 2 weeks after 
planting: o, liine 56; b, line 4-8; c, line 51; d, line 84; c, single-cross hybrid 
56 X 4-8;/, single-cross hybrid 51 X 84; double-cross hybrid (56 X 4-8) X 
(51 X 84). 


The main roots arising from the first three or four nodes were of a 
relatively small and uniform diameter throughout their length (fig. 3). 
These roots early devdbp an extensive growth of fine lateral rootlets. 
As the main roots from each higher node appear, there is a progressive 
increase in diameter, but this uiickness is not maintamed throughout 
their length. The earliest and most vigorous growth of lateral root¬ 
lets occurs proximally unless the main root sustains severe injury 
from some source. In that event, dependent upon the strain of corn 
concerned, the most vigorous growth of lateral rootlets may occur just 
proximal to the point of injury. 

Probably one of the most significant facts revealed in this root 
study is that strains of com differ tremendously both in the ordinary 
promiction of lateral rootlets and in their production subsequent to 
the severance of the main root by some insect pests. Two of the in- 

278875—40-4 
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bred lines employed in this study, 4-8 and 51, had a small number of 
lateral rootlets and the other two lines, 56 and 84, were plentifully 
supplied with them. These differences are readily seen in figure 4. 
Sucn variations in root growth must mean very groat differences in 



Figure 4.—Root systems of inbred lines and hybrids of maize 11 weeks after 
planting: a, Line 56; 6, line ,4-8; c, line 51; a, line 84; c, single-cross hybrid 
56 X 4-8;/, single-cross hybrid 51 X 84; g, double-cross hybrid (56 X 4-8) X 
(51 X 84). 


the total area of root surface in contact with soil particles, and, con¬ 
sequently, may be an important factor in soil, air, water, and nutri¬ 
ent relationships with the plant. The fact that the inbred linos show 
a differential response in lateral root growth following insect injury 
may be of importance in areas where corn is damaged as a result of the 
activities of such insect pests as the southern com rootworm. 
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NUMBER OP WHORLS OF “FUNCTIONAL** CROWN ROOTS DURING THE GROWING 

SEASON 

At 16 days after planting the number of whorls of crown roots 
(fig. 5) ranged from 1.7 to 2.0, and at 15 weeks after planting they 



Fioube 5.— Nuiiiber of nodes per plant with main roots from the second to the 
fifteenth week after planting. W17 is the double-cross hybrid (56 X 4-8) X 
(51 X 84). Curves smoothed by computing a moving average of 3 weeks* data. 

ranged from 8.0 to 10.4. In general, during the 1937 season about 
one additional whorl of roots developed each week for the first 8 or, 9 
weeks after planting. 




532 


Journal of AgricuUural Research 


VoI.«l,No.» 


In total number of nodes with roots, one of the inbred lines (56) 
again exceeded any of the hybrids. The fully developed root system 
of this line had shghtly more than 10 nodes with roots, whereas the 
most poorly developed inbred line (51) had only 8 nodes. The single¬ 
cross nybnds exhibited a significant difference of nearly 1 whole node 
with roots in their fully developed root systems. One single-cross 
hybrid (56 X 4-8) most closely resembled tne inbred lino 4-8 with the 
smaller number of nodes with roots, whereas the other single-cross 
hybrid (51 X 84) seemed to be about intermediate to its component 
inbred lines in this root character. The single-cross 56 X 4-8 and the 
double-cross hybrid failed to differ significantly in the maximum 
number of nodes with roots. 

TOP-TO-ROOT RATIOS DURING THE GROWING SEASON 

At 16 days after planting, the top was one to two times heavier 
than the root system (fig. 6^ Throughout the season this dispropor¬ 
tion between the dry weights became constantly greater until 15 
weeks after planting, when the top-to-root ratio was more than 20:1 
for some of the strains. The ratios for the single-cross hybrids w'en* 
approximately intermediate between tte ratios of their inbred parents 
up to the time of silking, when the hybrid ratios tended to equal or 
exceed those of the inbred parent with the la^cr ratio. The double- 
cross hybrid exhibited a higher ratio than either of the single-cross 
hybrids up to 9 weeks after planting. Its ratio then became inter¬ 
mediate between the two single-cross ratios and finally appeared to 
be nearly identical with that of cross 56 X 4-8. 

Several investigators have reported on the top-to-root ratio of corn 
at various periods during the growing season. Hickman (7), in 
Pennsylvania, found the ratio to be 0.6:1 for plants 2 weeks old and 
3.2:1 for plants 4 weeks old. The corresponding average values for 
the hybrids in this study were 1.4:1 and 2.7:1. King {11, Rpt. 9), 
in Wisconsin, reported the ratio at maturity to be 6.7:1. Miller 
(14), in Kansas, found the ratio at maturity to average 9.6:1 in 
1914 and 7.8:1 in 1915. Schweitzer (19), in Missouri, reported the 
ratio to be 23.7:1 on September 10. Weihing (^8), in Nebraska, 
found the ratio to be 6.4; 1 for a small variety grown to maturity in 

f )ots. Rotmistrov {18, p. 51) reduced the relationship to a general 
aw by stating that— 

* * * at the beginning of the development the weight of the roots exceeds 
the w'eight of the superficial parts, in the middle part of the development, the 
relation approximates 1:1, and at the end of the development the weight of the 
superficial parts exceeds that of the roots. 

This law did not seem applicable to the strains of corn included in 
this study, since even at 2 weeks after planting the top in all cases 
outweighed the roots. 

In general, the top-to-root ratios of the strains in this study ex¬ 
ceeded the ratios reported in previous studies. At 15 weeks after 
planting, the smallest ratio was 12:1 and the largest 23:1. 
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Figure 6 . —Top-to-root ratios, based on the dry weights, of inbred lines and 
hybrids of maize from the second to the fifteenth week after planting. W17 
is the double-cross hybrid (66 X 4-8) X (61 X 84). Curves smoothed oy com¬ 
puting a moving average of 3 weeks’ data. 
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DISTRIBUTION OF MAIN ROOTS OF CROWN ROOT SYSTEMS IN THE 
SOIL DURING THE GROWING SEASON 

The main roots of the crown root systems were traced for one plant 
of each strain at 30, 49, and 87 days after planting. The trench 
method was employed in making the excavations. 

At 30 days alter planting, the main roots of the inbred lines had 
not quite penetrated halfway through the 7 to 12 indues of surface soil. 
Both the crown roots and the seminal roots extended nearly hori¬ 
zontally from the culm. The maximum lateral spread observed was 
12 inches. No marked difference was evident between the inbred 
lines and the hybrids at this period either in the depth of penetration 
or in the lateral spread. 

At 49 days after planting, most of the roots of the inbred lines had 

f icnetrated to a maximum depth of 10 to 12 inches and extended 
aterally to slightly greater distances. Line 51 had a root system that 
was markedly restricted in distribution. The roots of the hybrids 
seemed to be somewhat more extensively distributed at this period 
than the roots of the inbred lines. Maximum distances of penetration 
were 2 foot both horizontally and vertically. 

The last examination of the root systems was made 87 days after 
planting. There seemed to be no significant changes in maximum 
values for the depth and lateral extension of tlu^ main roots since the 
49-day examination. 

It is apparent that the root system of corn extemh'd to relatively 
short distances at Wooster during the 1937 season. The results agri»e 
with those obtained by Hickman (7), in Pennsylvania, and Farris (3), 
in New Jersey. The studies of King (ii), Shepp(‘rd (20)^ Miller (i-0, 
and Weaver in Wisconsin, North Dakota, Kansas, and 

Nebraska, respectively, indicate, however, that under certain soil and 
climatic conditions corn may be much more deeply rooted. 

PULLING RESISTANCE AND SOME ASSOCIATED ROOT CHARACTERS 

A plant-pulling machine was used to determine the force required to 
pull a single root system from the ground. This machine was 
equipped with a single movable pulley operating between the scab's 
and a stalk attachment device.® Twenty plants of each strain were 
pulled on August 14, 11 weeks after planting. 

All the hybrids surpassed the inbred lines in mean pulling resistance 
(table 3). The pulling resistance of the lines ranged from 158 pounds 
to 227 pounds and that of the hybrids from 290 pounds to 350 pounds. 
The low value for line 51 was expected on the basis of its poorly 
developed root system. The double-cross hybrid was nearly identical 
with the single-cross hybrid 56 X 4-8 in pulling resistance. 

Mean values for some of the characters that might have been in¬ 
fluential in promoting strong rooting are given in table 3. CoiTclation 
coeflScients were calculated within strains between (1) pulling resist¬ 
ance and dry weight of the crown root system and (2) pulling resistance 
and the number of main roots (table 4;. Significant positive correla¬ 
tions within five strains were found between pulling resistance and 
root weight. No significant correlations were evident between 
pulling resistance and number of main roots. 


* Designed by A. A. Bryan, Division of Ceroal Crops and Diseases. 
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Table 3. —Mean pulling resistance and mean values far some associated root 
characters in the inbred lines and hybrids of maize 


Mean values for— 


Inbred line or hybrid 

Pulling 

resist¬ 

ance 

i 

Dry 

weight 

of 

crown 
roots > 

Crown 

roots* 

Nodes 
with 
roots > 

il 

Vertical 
dis¬ 
tance 
on culm 
with 
func¬ 
tional 
roots * 

Above¬ 
ground 
’ nodes 
with 
func¬ 
tional 
roots * 

Diam¬ 
eter of 
roots * 3 

Diam¬ 
eter of 
culm *< 

Inbred lines: 

Pounds 

Grains 

Number 

Number 

Centi¬ 

meter 

Centi¬ 

meter 

Number 

Mitti- 

meters 

Cenii- 

meters 

5f). 

227 

13.1 

60.1 

10.1 

1 174 

7.6 

1.2 

2.22 

2.16 

4-8. - . 

209 

17.4 

78.0 

9.3 

200 

7.6 

1.2 

2.46 

2.62 

51. 

158 

8.0 

53.6 

8.1 

197 

4.7 

.7 

2.10 

2.22 

84... 

188 

13.4 

06.3 

9.2 

141 

4.8 

1.1 

2.02 

2.12 

Minimum significant 










difference * 

39.0 

1.3 j 

4.4 

.3 

6.0 

.9 

_rl- 

.13 

.15 

Hybrids- 

56 X 4-8. 

3.50 

32 0 

72 1 

9.4 

264 

8.9 

1 7 

2.02 

3.06 

51 X 84 

290 

23.3 

67 .5 

8 6 

245 

5 3 

1.0 

2.77 

2.74 

(56 X 4-8) X (51 X 84) 

333 

.30.0 

72.8 

9.1 

263 

7.1 

1.3 

2.83 

2.94 

Minimum significant 










difference #. 

51.0 

3.3 

4.8 

.4 

5.0 

1.4 

.3 

.12 

.13 


» Mean values obtained from samples taken from weeks 12 to I."). 

> Measured to the tip of the tallest leaf when stretched vertically. 

3 The mean root diameter was obtained by measuring the diameter of one main root at each node at a 
distance of 1.5 cm from the culm. 

4 'rhe diam(*tor of the culm was measured at the middle of the internode immediately beneath the highest 
node hearing functional roots and was determined as the mean of the smallest and largest diameters. 

3 Minimum diiference for significance calculated as twice the standard error of a dinercncc. 


Table 4. —Correlation coefficient within strains between pulling resistance and the 
dry weight of roots and between pulling resistance and the total number of main 
roots 


Inbred Ime or hybrid 

Correlation coellicient 
between— 


Correlation coeflleient 
between— 

Pulling re¬ 
sistance and 
dry weights 
of roots 

Pulling re¬ 
sistance and 
num^'r of 
roots 

1 Inbred line or hybrid 

i 

Pulling re¬ 
sistance and 
dry weights 
of roots 

PuUing re¬ 
sistance and 
number of 
roots 

66. 

*0.50 

0.15 

56X4-8.-. 

0.38 

0.18 

4-8. 

‘.63 

—.45 

51 X 84. 

.31 

.21 

51.-... 

*75 

-.12 

(56 X 4-8) X (51 X84).... 

S.6B 

.43 

84. 

K72 

.53 





I Significant 
3 Highly significant. 


Dry weight of roots was clost'ly associated with pulling resistance 
(table 3). Tlie only other root character that appeared to be related 
to pulling resistance among both inbred lines and hybrids was root 
diameter. Among the inbred lines as a groiij:) and the hybrids as a 
group, the vertical distance on the culm with “functional^ roots 
seemed to bear a relation to pulling resistance. A similar situation 
existed in regard to the number of nodes with roots. Pulling resist¬ 
ance seemed to be more closely related to the number of above-^und 
nodes with functional roots amon^ the hybrids than among the mbred 
lines. Plant height and culm diameter seemed to bear little rela- 
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tion to pulling resistance among the lines, but among the hybrids 
the tallest plants with the thickest culms had the greatest pulling 
resistance. 

There was hardly sufficient lodging in the plots during the 1937 
season to establish any marked differences among the strains. In 
lines 56, 4-8, 51, and 84, respectively, 5.5, 2.6, 37.1, and 2.2 percent 
of the plants lodged at an angle of 45® or greater in November. In 
hybrids 56X4-8 and 51X84 and the double-cross hybrid, respec¬ 
tively, 0.3, 2.1, and 1.9 percent of the plants lodged. Line 51 failed 
to remain erect even in a season imfavorable to lodging. This might 
have been predicted on the basis of its extremely poor root develop¬ 
ment. 

SUMMARY 

A comparative study was made of the seasonal development of 
the com root system by the use of a double-cross hybrid, two single¬ 
cross hybrids, and the four inbred lines employed in making up the 
hybrids. 

The seminal root systems of the hybrids were larger than those of 
the inbred lines, but in both groups of strains they died early in the 
growing season, probably because of injuries sustained from various 
insect larvae and root diseases. There was no consistent correlation, 
within either group of strains, between the development of the seminal 
roots and the development of the crown roots or the tops. 

Marked differences were noted among the strains in regard to 
number, dry weight, and total length of the main roots of the crown 
root systems. The graph of total dry weight of the roots determined 
at weekly intervals followed a typical S-shaped growth curve. The 
maximimi dry weight of the crown roots was reached at approximately 
the silking stage in five of the strains and possibly the week following 
silking for the remaining two strains. It was believed that the inbred 
lines and hybrids might be expected to show relatively different 
degrees of resistance to lodging at successive stages of growth on the 
basis of the growth curves of their roots. 

Striking differences were noted among the inbred lines in the ordi¬ 
nary development of lateral roots and in the amount of stimulated 
lateral root growth following injury of a main root by soil insects. 

The top-to-root ratio was nearly 2:1 for some strains at 2 weeks 
after planting but varied from 12:1 to 23:1 among the strains at 15 
weeks after planting. There was no close correlation among the 
inbred lines between the dry weights of the tops and of the roots. 

The single-cross hybrids exceeded the inbred lines in dry weight of 
roots, dry weight of tops, diameter of main roots, length of roots, 
resistance to a vertical pull, diameter of culm, and plant height; tliey 
tended to approximate the inbred line with the greater number of 
main roots, but no consistent relation was evident with respect to the 
number of nodes with roots; they were intermediate between their 
constituent lines in the top to root ratio during most of the gi’owing 
season. The double-cross hybrid and one of the single crosses (56 X 
4-8) were nearly identical with respect to most of the root characters 
studied. 

In the plants studied, about one additional whorl of crown roots was 
developed during each week of the first 8 or 9 weeks of the growing 
season. 
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The root systems of both the iiibred lines and the hybrids were 
exceedingly shallow as compared with those reported from the prairie 
regions of the United States. Data are given for the distribution of 
the main roots at three different periods during the growing season. 

Within all strains the number of pounds required to pun a corn 
plant from the ground was most closely correlated with the dry weight 
of the crown roots. 
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NUTRIENT VALUE OF THE PHOSPHORUS IN DEFLUORI- 
NATED PHOSPHATE, CALCIUM METAPHOSPHATE, AND 
OTHER PHOSPHATIC MATERIALS AS DETERMINED 
BY GROWTH OF PLANTS IN POT EXPERIMENTS ‘ 

By K. D. Jacob and WiI/Ham H. Hobs, senior chemists, Fertilizer Research Divi¬ 
sion, Bureau of Agricultural Chemistry and Engineering, United States Depart- 
merit of Agriculture * * 


INTRODUCTION 

In recent years much work has been done on the development of 
methods for the production of new phosphatic materials suitable for 
use as fertilizer. Some of these materials, particularly defluorinated 
phosphate, calcium metaphosphate, and potassium metaphosphate, 
offer considerable promise as sources of phosphorus for plant growth, 
either because of their high content of plant food and the consequent- 
economy in transportation and handling costs or because of the possi¬ 
bility of effecting a considerable re-duction in processing costs. In 
either case the,primary object of the work is to supply the farmer with 
cheap(‘r phosphate and at the same time to maintain at a high level 
the nutrient value of the phosphorus contained therein/ 

Defluorinated phosphate (prepared by heating phosphate rock at 
high temperatures in the presence of water vapor and silica) has been 
produced experimentally m two forms—calcined phosphate and fused 
phosphate rock - which differ in certain physical characteristics, but 
which appear to be identical in chemical structure (28).* Calcined 
phosphate, obtained in the fonn of a sintered or semifused, more or 
less porous clink(‘r, is prepared by defluorinating phosphate rock at 
temperatures below' the melting point of the charge, usudly at 1,400° 
C. {35, 46, 58, 59, 60). Fused phosphate rock, obtained in the form 
of a hard glas.sy material, is prepared by defluorinating phosphate 
rock at temperatures above the melting point of the charge, usually at 
about 1,550° C. (13). Although these products are not produced 
conunerically, they offer interesting possibilities as cheap sources of 
phosphorus for agricultural purposes, provided certain diflRculties 
that have been encountered in attempts to produce them on a com¬ 
mercial scale can be overcome. 

In addition to the adverse effect of incomplete volatilization of the 
fluorine (7, 12,32,35,46,58, 59), tlie citrate and citric acid solubilities 
of the phosphorus of defluorinated phosphate depend, within certain 
limits, on the particle size of the material {12, 34) and usually on 
the rate at which the product is cooled from the reaction temperature 
to atmospheric temperature {47). a-Tricalcium phosphate, sUico- 
camotite (5 CaO-PjOs-SiOj), and a phase of uuknowm composition 

* lieceived for publication June 15,1940. 

* The pot exiwiments were made by R. P. Bartholomew, Arkansas Agricultural Experiment Station; 
R. L. Cook, Michigan Agricultural Exjierlment Station; I). W. Edwards, Hawaii Agricultural Experiment 
Station; W. T. McOeorge, Arizona Agricultural Experiment Station; W. H. Pierre. West Virginia Agri* 
cultural Experiment Station; and F. R. Reid, Bureau of Plant Industry, U. S. Department of Agricultura. 

* The Fertilizer Research Division was transferred to the Bureau of Plant Industry timber 31, 

«Italic numbers in parentheses refer to Literature Cited, p. 556. 


Journal of Agricultural Research, 

Washington, D. C. 

( 539 ) 


Vol. 61, No. 7 
Oct L 1640 

i;«fKo.bhss 




540 


Journal of Agricultural Research 


Vol. 61, No. 7 


are the principal constituents of quickly cooled defluorinated phos¬ 
phates, whereas apatite usually appears as an important constituent 
m slowly cooled samples (^8), The material, whether cooled quickly 
or slowly, contains little or no water-soluble phosphorus. 

The researches of tlxe Tennesse Valley Authority (JfO, If) on calcium 
metaphosphate and those of the Bureau of Chemistry and Soils on 
potassium metaphosphate (40, 4f» 4S) have focused attention on the 
possibilities of these compounds as sources of phosphorus for plant 
growth, particularly because of their high content of nutrient ele¬ 
ments and the consequent economy in handling and transportation 
costs. Calcium metaphosphate, as prepared by the Tennessee Valley 
Authority, is obtained by redacting phosphorus pentoxide with phos¬ 
phate rock at a temperature of 1,200° C. and quickly cooling the 
product. Potassium metaphosphate can be obtained p) by heating 
monopotassium orthophosphate at 700° C., (2) by reacting phosphoric 
acid with potassium chloride at temperatures up to 8.50° C., (3) by 
reacting phosphorus pentoxide and water vapor with potassium chloride, 
and (4) by smelting a mixture of phosphate rock, potassium silicate, 
and coke (27, 55, 56, 64, 65). 

As reported in previous papers (7, S2), the results of greenhouse 
experiments indicated that quickly cooled, finely ground (80- or 
100-mesh), low-fluorine calcined phosphate is as effective as super¬ 
phosphate and dicalcium phosphate in promoting plant growth on 
soils having pH values below 7. The study reported in the present 
paper was undertaken to obtain information on the nutrient value of 
fused phosphate rock, calcium metaphosphate, reverted calcined 
phosphate, and, particularly, of different particle sizes of unreverted 
calcined phosphate. Experiments were also made with monocalcium 
phosphate, dicalcium phosphate, superphosphate, high-grade basic 
slag, Non-Acid Phosphate (prepared by heating phosphate rock with 
a potassium salt (f) ), and ground phosphate rock. 

The Arizona, Arkansas, Hawaii, Michigan, and West Virginia 
Agricultural Experiment Stations and the Bureau of Plant Industry, 
United States Department of Agriculture, cooperated in the study, 
the results of which are published in part in another paper (62), 
Although experiments were also made by several other State agri¬ 
cultural experiment stations, the results arc not included herein, 
principally because either the soils did not respond to the phosphate 
applications, tests were run only on some of the phosphatic materials, 
or phosphorus determinations were not made on the harvested plants. 

REVIEW OP LITERATURE 

In agreement with the results previously cited (7, 32), Serralles 
(67) reported that quickly cooled, finely ground (80-mesh), low- 
fluorine (0.10 percent) calcined phosphate was as effective as super¬ 
phosphate in pot experiments with oats on a phosphorus-deficient 
Morrison sandy loam soil (pH 6.2) from The BaiTcns near State 
College, Pa. Furthermore, the low-fluorine calcined phosphate, in 
which the citrate solubility of the phosphorus amounted to 92.6 
percent, gave somewhat better results than material that contained 
0.65 percent of fluorine and showed a 66.4-percont solubility of the 
phosphorus. Gilbert and Pember (18) also used the high-fluorine 
material in pot tests with barley, buckwheat, and millet on two 
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Bridgehampton very line san^ loam soils (pH 4.5 an4 6-0, respec¬ 
tively) from the farm of the Uhode Island Agricultural Experiment 
Station, Kingston, R. I. In general, the results aCTeed well with 
those obtained by the use of either monocalcium phosphate, dical¬ 
cium phosphate, or double superphosphate.* ExceUent results have 
been obtained with calcined phosphate as a source of phosphorus for 
permanent pasture sod at the New Jersey Agricultural Experiment 
Station.® On the other hand, the results of plot tests by the Idahb 
station' indicate that calcined phosphate, though better than fused 
phosphate rock, is not as effective as double superphosphate in pro¬ 
moting the growth of alfalfa on alkaline soils. According to Taylor 
and Pierre, ® calcined phosphate has a basic action on the soil, whereas 
ground phosphate rock and natural colloidal phosphate have very 
little effect in this respect. 

In field experiments by the Montana Agricultural Experiment Sta¬ 
tion {2S) with cereal crops and alfalfa on phosphorus-deficient alkaline 
soils, fused phosphate rock produced very small increases in yields as 
compared to those obtained by the use of water-soluble phosphates 
(monocalcium phosphate and double superphosphate). Dicalcium 
phosphate also gave poor results. Likewise, fused phosphate rock 
was a poor source of phosphorus for the growth of alfalfa and sugar 
beets in plot experiments by the Idaho station.' In a 2-year plot 
experiment on a Charlton loam soil (pH 5.2) at the Storrs (Connecticut) 
Agricultural Experiment Stetion ((?), the average yield of U. S. Grade 
No. 1 white potatoes obtained by using fused phosphate rock as the 
source of phosphorus was 95 percent of that obtained by using double 
superphosphate. In field trials with com, wheat, millet, cowpeas. 
soybeans, and potatoes on several phosphorus-deficient soils, Mooers 
of the Tennessee Agricultural Experiment Station {51) found that 
fused phosphate rock usually did not give as good results as either 
monocalcium phosphate, diealcium phosphate, or double superphos¬ 
phate. With monocalcium phosphate as 100, the average relative 
ratings of fused phosphate rock applied to these soils were 97 and 81 
as deteraiined by the Neubauer seedling-plant test and by the Cun- 
ninghaniella test, respectively. The fused phosphate rock used in 
Mooers’ work retained about 25 percent of the fluorine content of the 
original phosphate rock and the phosphorus therein was probably not 
more than 50 percent soluble in neutral ammonium citrate solution. 

Several high-temperature forms of calcium metaphosphate, differing 
greatly in their chemical and physical properties, are known. Accord¬ 
ing to Bartholomew and Jacob (4), calcium metaphosphate prepared 
by heating acid-freo monocalcium phosphate to constant weight at 
600° to 650° C. is insoluble in neutral ammonium citrate solution and 
practically insohiblc in aqua regia, but is soluble in hot concentrated 
aulfmic acid. In greenhouse experiments, this compound, as well as 
calcium pyrophosphate prepared by heating pure dicalcium phosphate 
to constant weight at 800° C., had little or no value as a source of 
phosphorus for the growth of Sudan grass on Clarksville silt loam 

* This materia], which is made by treating phosphate rook with phosphoric acid, is also known as treble 
superphosphate, triple superphosphate, or concentrated superphosphate. 

«SPRAOUEtJI. B. Private communication. 

7 Larson, h. W. £. Private oommunieation. 

* Tavlor, J. R., Jr., and Pixrrr, W. K. tux valpx ox difvxrent basic materials and or dolomitic 
limestone of DirrXRENT DEORSES OF FtEENESS IN THE PRODUCTION OF NON-ACID^FORMtNO FERTILIEXRS, 
Amer. Soc. Agron., Com. on Pert., Proe. 1086; 15-23, illus. 1036. (Mimeographed.] 
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(pH 5.7) at the Arkansas Amcultural Experiment Station (4) and for 
the growth of barley, red clover, and Japanese millet on two Bridge- 
hampton very fine sandy loam soils (pH 4.35 and 6.03) at the Rhode 
Island station (IS). At both stations, precipitated calcium pyro¬ 
phosphate gave much better results than the material prepared by 
heating dicalcium phosphate. Jolibois and coworkers (S7) report 
that calcium metaphosphate which had been crystallized at 500® C. 
was of no value as a source of phosphorus for the growth of spring 
barley in pot experiments on alkaline soil (pH 8.1) and of spring oats 
on acid soil (pH 4.9). Calcium metaphosphate which had been fused 
and quenched was 57 percent as effective as monocalcium phosphate 
in increasing the yield on the alkaline soil but was of no value on the 
acid soil. In pot experiments with several species of plants, Kida 
(SS, 39) found that the fertilizing values of calcium, magnesium, iron, 
and aluminum metaphosphates and pyrophosphates, prepared by heat¬ 
ing the orthophosphates, were lower than those of the respective 
orthophosphates. 

The calcium metaphosphate produced by the Tennessee Valley 
Authority, by reacting phosphorus p(*ntoxide with phosphate rock at 
1,200® C. and quickly cooling tlu' product, is almost completely solu¬ 
ble in neutral ammonium citrate solution according to the official 
method of analysis (3, pp. 21-22). Some of the properties of this 
product were studied by MacJntire, Hardin, and Oldham (44)^ who 
report that undeu' parallel conditions suspensions of soil, subsoil, 
ferric oxide, and aluminum oxide in aqueous and anunonium citrate 
solutions of calcium metaphosphate and orthophosphate, respectively, 
absorbed decidedly larger quantities of inetapliosphate radical (POrO 
than of orthophosphate radical (PO4). According to Mooers (51). 
field trials with coni, wheat, millet, cowpeas, sovbeans, and potatoes 
on a number of phosphorus-deficient soils in Tennessc'c showed no 
significant differences in effects on crop yields between monocalcium 
phosphate, double superphosphate, dicalcium phosphate, and cal¬ 
cium metaphosphate (pn^pared by the Tennessee Valh\v Authority) 
on the basis of pouiul for pound of total phosphorus appli(»d. On 
the other hand, in a comparison of the Neubaiier seedling-plant and 
the Cunninghamella tests as means of obtaining an index of the 
availabilty of the different phosphates for each of the five types of 
soil (Colbert, Decatur, Fullerton, Hartsells, and Montevallo), both 
tests gave ratings to calcium metaphosphatc which were usually much 
lower than those obtained by tlu* field trials. In a 2-year plot experi¬ 
ment on a Charlton loam soil (pll 5.2) at the Storrs (Conn.) Agricul¬ 
tural Experiment Station (3), the average yield of U. S. Grade No. 1 
white potatoes obtained by using calcium metaphosphatc (prepared 
by the Tennessee Valley Authority) as the source of phosphorus was 
95.4 percent of that obtained by using double superphosphate and was 
practically the same as the yield obtained by using fused phosphate 
rock. In field trials by the Montana station (33), calcium metaphos- 
phate, like fused phosphate rock, was an inefficient source of phosphorus 
for the growth of cereal crops'and alfalfa on phosphorus-deficient 
alkaline soils. Likewise, calcium metaphosphate, though better than 
fused phosphate rock, was not, in general, as effective as double super¬ 
phosphate in increasing the yields of alfalfa, sugar beets, and white 
potatoes in plot experiments by the Idaho station.'® 


i« Sae footnote 7, p. 541. 
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The nutrient value of the phosphorus in alkali-metal metaphosphates 
and pyrophosphates has been investigated by several workers. Thus, 
Weissflog and Mengdehl {74) report that monopotassium orthophos¬ 
phate, potassium metaphosphate and pyrophosphate, and calcium 
metaphosphate were about equally effective for the growth of com 
in sterile culture solutions. Pure salts, the methods of preparation 
and properties of which are not statexi, were used in the experiments. 
Althoughcornabsorbed the metaphosphates and pyrophosphates, they 
were subsequently converted quickly into the orthophosphates, and 
their presence in the plant tissue could be detected only in the roots. 
In the culture solution itself, the conversion of the metaphosphates 
and pyrophosphates into the orthophosphates was accelerated by the 

f rowtii of plants therein. Glixelli and Boratynski {19) found no 
ifferences in the yields of barley and wheat grown in water cultures 
containing orthophosphate, pyrophosphate, or metaphosphate, but 
the absorption of phosphorus was lower from rnctaphosphate than 
from either pyrophosphate or orthophosphate. Furthemiorc, salts 
of the highly polymerized metaphosphoric acid, prepared by treating 
the amorphous, difficultly volatile phosphorus pentoxide with water, 
were absorbed to a smaller degree than were salts of the less poly¬ 
merized acid, obtained from the crystallized, easily volatile pentoxide. 

Burgevin (3/) conducted water-culture experiments with potassium 
metaphosphate and orthophosphate, in wdiich vitiation of the results 
by transformation of metaphosphate into orthophosphate in the cul¬ 
tures was prevented by cnanging the solutions at 2-day intervals. 
Under these conditions the compounds were equally effective sources 
of phosphorus for the growth of corn. Also, he "reports {SO) that 
commercial potassium metaphosphate gave as good results as mono¬ 
potassium orthophosphate in pot experiments with spring oats on a 
nearly neutral soil. When algae were grown in a nutrient solution 
containing monopotassium ortliophosphate, Sommer and Booth {68) 
found that mctaphosphatcj persisted in the living cells after ortho¬ 
phosphate and pyrophosphate could no longer be detected. The 
transformation of orthophosphate to metaphosphate and the persis¬ 
tence of the metaphosphate indicates that this form is important in 
the metabolic processes of algae. 

In pot experiments on loanw sand axid moorland soils (pH 4.4 to 
6.5 in aqueous suspension), Krligel, Dreyspring, and Heinrich {4S) 
found that Merck’s sodium metaphosphate, which was readily soluble 
in water, contained 68.89 percent P 2 O 5 , and was probably the hexa- 
metaphosphate ((NaP 03 ) 6 ), was practically as effective as an equiv¬ 
alent quantity of superphosphate in increasing the growth of winter 
wheat, yellow"oats, winter oats, and winter barley. Bartholomew and 
Jacob ( 4 ) conducted pot experiments with potassium metaphosphate 
and pyrophosphate prepared by heating the pure monopotassium 
and dlpotassium orthophosphates to constant weight at 810^ to 
820® and at 1,000® C., respectively. Both compounds were some¬ 
what less effective than superphosphate in increasing the weight of 
Sudan grass grown on Clarksville silt loam (pH 5.7), but they were 
more effective than superphosphate in increasing the absorption of 
phosphorus by the plants. In pot experiments at the Rhode Island 
Agricultural Experiment Station (78), the sample of potassium meta^ 
phosphate was more effective than monocalcium paosphate in jin- 
creasing [the growth of red clover and Japanese millet on two 
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hampton very fine sandy loam soils having pH values of 6.0 and 4.6, 
respectively. According to Kida (S8), sodium metaphosphate and' 
pyrophospnate, prepared by heating the corresponding orthophos¬ 
phate, were as efficient as the orthophosphates as sources of phosphorus 
for barley, oats, and wheat grown in pots in Knop’s culture medium. 

Various processes have been proposed for the manufacture of avail¬ 
able phosphates by heating phosphate rock with alkali-metal salts, 
usually the sulfates or carbonates of sodium and potassium, with or 
without the addition of silica, or silicates, and other reagents. These 
processes have been discussed by Fishburno (IS), Guernsey and Yee 
(£4), Messerschmitt (48,49) y and Waggaman and Easterwood (73, pp. 
120-132), As yet, attempts to operate such processes on a commercial 
scale have not met with sustained success in this country, although 
the Non-Acid Fertilizer & Chemical Co. and its successor, the Kreiss 
Potassium Phosphate Co. (1), operated plants at Lakeland and later 
at Tampa, Fla., for several years prior to 1930. In Germany, how¬ 
ever, a product known as Rhenama Phosphate (16, 43, 49) has been 
manufactured for more than 20 years by heating phosphate rock 
with alkali-metal salts under certain conditions. Similar products 
are nianufactured in other European countries. For example, a 
material, formerly known as Vesta Phosphate (21), is produced in 
Belgium and sold under the name of Supraphosphate or Disintegrated 
Phosphate (20, 43 ); tlic same material is knovni in France as Basiphos- 
phatc (8, 43), Two products manufactured in Poland are known as 
Tomasyna and Siipertomasvna (43, 70), respectively. 

In this country Allison, Braham, and McMurtrey (2), Conner (*9). 
Haskins (2S, 26), Mooers (SO), Ross, Jacob, and Beeson (63), and 
Thornton (72); in Australia, Teakle, Baron-Hay, and Thomas (60), 
and Thomas (71); in South Africa, Dodds (13); and in Europe. 
Erd^ly (14), Gerlach and Nolte (17), Graftiau (20), Graftiau and 
Courtoy (^f), Graftiau, Giele, and Hardy (22), Kriigel and Drev- 
spring (43), Niklas, Schropp, and Scharrer (S2), Niklas, Strobel, and 
Scharrer (S3, 54). R^th (57), Terlikowski and Bvezkowski (70), 
Wilhelmj (75), and Wilhelmj, Karst, and G(Ticke (76) have shown 
that citrate-soluble phosphates, preparcul by heating phosphate rock 
with alkali salts, are usually (wcellent sources of phosphorus for plant 
growth. 

MATERIALS AND EXPERIMENTAL METHODS 

The particle size, and the phosphoric oxide (P 2 O 5 ) and fluorine 
contents” of the pliosphatic materials used in pot experiments are 
given in table 1 . The phosphoric oxide insoluble in neutral am¬ 
monium citrate and 2 -percent citric acid solutions, was determined 
by the official metliods (3, pp. 21-23, 36), The citrate digestions, 
but not the citric acid digestions, were made in the presence of filter- 
paper pulp (5J). 

No. 1 is a commercial superphosphate prepared from Tennessee 
brown-rock phosphate. Nos. 2 and 3 (reagent quality salts) are 
monocalcium phosphate monoliydrate and partially hy<Jrated dical¬ 
cium phosphate, respectively. 

Nos. 4 t/O 10 , inclusive, represent different ranges of particle sizes of 
the same lot of calcined phosphate which w^as prepared on a semi¬ 
works scale by Darling & Co., East St. Louis, Ill., by heating Tennessee 


u Tbe obemlcal analyses were made by L. F. Rader. Jr.. t>. S. Reynolds, and T. H. Treinearne»Fert!licer 
Bipiaroh Division, Bureau of Agricnltural Chemistry and Engineering. 
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brown-rock phosphate in an oil-fired rotary kiln at 1,400® C. in the 
presence of water vapor. Nos. 4,6,6, and 7 were prepared by grinding 
separate quantities of the original calcined phosphate to the indicated 
degrees of fineness. In these samples (Nos. 4, 5, and 6), the distribu¬ 
tion of particle size in the range 20 to 200 mesh is given in table 2. 


Table 1. —Pkosphatic materials used in pot experiments 


No. 

Materia. 

Particle size 

PtO» 

Fluo¬ 

rine 

Total 

Citmte> 

inaolu- 

bie 

Citric 

acld-ln- 

solubk) 



Mesh 

MiUimeUn 

Percent 

Percent 

Percent 

Percent 

1 

Superphosphate. 

<40 

<0.381 

1 19.07 

0.12 

4.07 

1.25 

2 

MoDocaldum phosphate .. . — 

<40 

<.381 

*50.76 

.00 

.00 

.00 

3 

Dlcalcium phosphate. 

<40 

<.381 

4&53 

2.77 

.00 

.00 

4 

Calcined phosphate . —. 

<20 

<.8.33 

37.40 

7.80 

4.74 

.09 

5 

...-.do-.—.-.__- __ -- - 

<40 

<.381 

37.36 

4.72 

3.06 

.09 


_..do.---........ 

<80 

<.175 

37.18 

3.73 

2.77 

.09 

7 ' 

.....do........... .-_ 

<200 

<.074 

37.20 

3.68 

2.78 

.09 

8 


2tV-10 i 

0.833-. 381 

37.30 

9.53 

5.29 

.05 

0 

^ ^ ^ ^ ^ ^ ^ _ __ _ 

OO-liO ! 

i .221-. 175 

37.20 

5 63 

4.58 

.15 

10 

_ do —..* . 

100-150 

. 147-. 104 

37.05 

4.46 

3.44 

.13 

11 

Calcined phosphate, rcvcrtc<l. 

<80 

<.175 

37.05 

20.50 

13.87 

.09 

12 

Basic slag. 

<100 

< 147 

18.40 

3.61 

3.27 

<.01 

13 

Calcium metaphosi)hnto. 

<80 

<.175 

63.87 

.24 

43.83 

.12 

14 

FusM phosphate lock. 

<H0 

<. 175 

2^.97 

4.ro 

2.40 

.12 

15 

Non-Acid Phosphate 3... 

<ltK) 

<. 147 

■ 20.56 

n.4o 

9 68 

2.13 

10 

Tennessee brown rock phosphate. 

<100 

<.147 

i 33.75 

31.37 

27.87 

3.64 


* Contained 12 74 percent of water-soluble PiOs. 

* Contained 64.44 ixrcent of water-soluble PiOj. 
2 Contained 2.71 percent of water-soluble KtO. 


Table 2. —Distribution of particle size in calcined phosphates 


No. 

Farticio 


Distribution of {^ticlo size, mesh basis 



size 

20 to 40 

40 to 60 

60 to 80 

80 to 100 

100 to 150 

J50to200 

200 

I 

Menh 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

1 4 

<20 

50.2 1 

24.8 

7 7 

4.3 

4.5 

3.3 

5.2 

1 5 

<40 


25,7 

17.3 

10. ■) 

11.3 

9 7 

25.5 

1 6 

L_ 

<80 




9.7 

22. *> 

20.0 

47.8 


Nos. 8, 9, and 10 were obtained by •sieving a ejuantity of the original 
calcined phosphate which had been ground to pass a 20-mesh sieve. 
In portions of these separates which were reground to pass a 200- 
mesh sieve in order to eliminate the effects of differences in particle 
size, the variations in the percentages of both citrate- and citric acid- 
insoluble phosphorus were comparatively small and, in keeping with 
the results of previous studies (5J, 46^ 58, 59, 60), were related to the 
percentages of fluorine in the respective samples (table 3). 

As shown by Mai*shall and coworkers (47), defluorinated phosphates, 
including both calcined phosphates and fused phosphate rocks, which 
have been cooled rapidly from about 1,400® C. to room temperature are 
usually much more soluble in neutral ammonium citrate solution than 
are those which have been cooled slowly through this temperature 
range. Reversion of the phosphorus to the citrate-insoluble condition 
is usually much more pronounced in samples cooled in an atmosphere 
of water vapor than in those cooled in a dry atmosphere. The reverted 

278 : 175 — 40 -- 6 





















546 


Journal of Agticvltural Research 


VoI.«,No.7 


calcined phosphate (No. 11) was prepared by heating a portion of No. 
6 for 1 hour at 1,000° C. in an atmosphere of water vapor. This treat¬ 
ment decreased the citrate solubility of the phosphorus from 90 to 44.7 
percent, but had only a very slight effect on the content of total phos¬ 
phorus; likewise, the citric acid solubility of the phosphorus decreased 
from 92.5 to 62.6 percent. 

Table 3. —Effect of particle she on solubility of calcined phosphate in neutral 
ammonium citrate and H percent citrate add solutions 


No. 

Particle 

sixe^ 

Total 

PiOj 

Fluorine 

Citrate-insoluble 
PsOfl in sample— 

Citric acid-insoluble 
PaOs in sample— 

As used 

Reground 
to <200 
mesh 

As used 

Keground 
to <200 
mesh 


Meth 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

*7 

<200 

37.20 

0.09 

3 68 

3.68 

2 78 

2 78 

8 

20-40 

37.30 

.06 

9.63 

2.64 

6.29 

1.82 

9 

60-80 

37.20 

.15 

6.03 

4.92 

4.58 

4. .36 

10 

100-150 

37.06 

.13 

4.46 

4.29 

3.44 

3.56 


‘ Particle sire of material as used in the pot experiment? 

* Representative sample of the original calcin^ phosphate 


The basic slag (No. 12) is a high-grade imported material. The 
calcium metaphosphate (No. 13) and the fused phosphate rock (No. 
14) were prepared by the Tennessee Valiev Authority from Tennessee 
brown-rock phosphate by the processes described liy Curtis and co¬ 
workers {10, 11, 12). No. 15 (Non-Acid Phosphate) was manufac¬ 
tured in 1925 by the Non-Acid Fertilizer & Chemical Co., Lakeland. 
Fla., by heating Florida pebble phosphate with a potassium salt (1). 
The Tennessee brown-rock phosphate (No. 16) is a commercial mate¬ 
rial, sold for direct application to the soil. It was ground so fine 
that 100, 98, 92, and 86 percent of the material paased 100-, 200-, 300-, 
and 400-mesh sieves, respectively. 

The conditions of the pot experiments are outlined in table 4. For 
a given series of experiments, the phosphates were applied on tho basis 
of equal quantities of total phosphorus. Tho plants used in the 
emeriments were German millet {Setaria italica), Sudan grass 
(l^ghum wlgare var. sudanense), and tomato {Lycoperskum escvlen- 
turn). 





Table 4.— Conditions of pot experiments 
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EFFECT OF PHOSPHATIC MATERIALS ON DRY WEIGHT AND 
PHOSPHORUS CONTENT OF PLANTS 

The average dry weight and phosphorus content of, and recoveries 
of applied phosphorus in, the plants grown on acid and neutral soils 
are given m table 5.*^ Data on the tomato plants grown by the 
Arizona station on a calcareous alkaline soil (pH 9.5) are given in 
table 6. 


Table 5 .—Average dry weight and P 2 O 5 content of plants and recovery of applied 
P 2 O 5 {acid and neutral soils) 


DRY WEIGHT i 


Phosphate treatment 

Ger¬ 
man 
millet. 
Bu¬ 
reau of 
Plant 
• Indus- j 
try * 1 

Sudan grass 

No. 

MateriaV 

Arkansas Exper¬ 
iment Station» 

Hawaii 
Exper¬ 
iment 
Sta¬ 
tion ^ 

Mich¬ 
igan 
Exper¬ 
iment 
Sta¬ 
tion « 

West Virginia 
Experiment 
Station 4 

First 
series' 

Second 
series * 

First 
series * 

Second 

series*® 



Grams 

Grams 

Grams 

Grams 

Grams 

Grams 

Grams 


No phosphorus... 

1 4 2 1 

20 1 

11.1 

116.4 

15.7 1 

12 6 

6.6 

1 

Superphosphate. 

1 7.6 

24.2 

20 0 

201.1 

23.7 

22 7 

22.8 

2 

Monocalc^um phosphate. 

1 6 8 

23 7 

19.4 

152 1 

23.8 

22.6 

21.0 

3 

Dicalcium phosphate. 

1 

21 9 

20.9 

188.8 

24.7 i 

23.2 

23.1 

4 

Calcined phosphate, <20 mesh. 

! 6.3 

21.9 

IS.0 

193.6 

22.8 

21.8 

20.4 

5 

Calcined phosphate. <40 mesh. 

! 7 1 

24 0 ! 

18 0 

197.8 

24.5 

23 5 

24.4 

6 

Calcined phosphate, <80 mesh. 

1 7.2 

24 0 

21.1 

194.2 

22.2 

25.0 

23.4 

7 

Calcined phosphate, <200 me.«h. 

7.8 

25. S 

20.0 

1 184.9 

21 2 

24.5 

23 7 

8 

Calcined phosphate, 20 to 40 mesh ... 

6 0 

23.6 

17.7 

173.8 

17.9 

18,6 

18.3 

0 

Calcined phosphate. 60 to HO mesh. 

8.4 

21.6 

19.2 

189.7 

23.0 

24,6 

21.2 

10 

Calcined phosphate, 100 to 150 mesh_ 

8.7 

23.4 

20.7 

187.3 

22.8 

23.3 

21.5 

11 

Calcined phosphate, revertc<l. 

7.0 

22.4 

20.7 

182.2 

22.0 

25 2 

20.8 

12 

Basie slag. 

7 0 

23 4 

21.7 

189.8 

10.6 

24 0 

22.4 

13 

Calcium metaphosphate. 

8 1 

22.6 ! 

21.8 

173.2 

22.7 

25 1 

24.5 

14 

Fused phosphate rock. 

8.6 

23.3 

21.3 

187. (i 

21.4 

25.7 

24.2 

15 

Non-Acid Phosphate.... 

8.3 

23.6 

20.8 

173.1 

21.9 1 

23 7 

21.9 

Iff 

Tennessee brown-rock phosphate. 

3.5 

20.9 

16.3 

148.6 

19.8 

17.8 

10 2 


PjO# CONTENT 1 



No phosphorus.. 

jtfiFi- 

grams 

22.1 

Millt 

grams 

52.3 

MUli- 

grams 

34.4 

Milli 
grams i 
105 9 

AfiHl- 
1 grams 

34.9 

^fmi• 

1 gtams 
34.5 

MiUl- 

grama 

20.0 

1 

Superphosphate. 

50.5 

59.8 

51.2 

396.2 

58 5 

60 0 

70.9 

2 

Monocaleium phosphate.. 

49 .8 

57.8 

49.7 

237 3 

58.1 

I 05.8 

70,1 

3 

Dlcalcium phosphate. 

64.6 

61.5 

51 6 

390.8 

59 5 

i 74.0 

66.5 

4 

Calcined phosphate. <20 mesh. 

34.0 

53.4 

50.8 

449.2 

57.0 

65.4 

65.5 

3 

Calcined phosphate, <40 mesh. 

43.9 

61.4 

49,5 

395.6 

52.9 

84.4 

64.7 

6 

Calcined phosphate, <80 mesh. 

47 8 

69 1 

54.9 

462.2 

50.8 

77.3 

80.5 

7 

Calcined phosphate. <2(K) mesh. 

53.0 

68.6 

57.4 

425.3 

63.6 

68.1 

71,1 

8 

Calcined phosphate. 20 to 40 mesh. 

32.9 

62 1 

52.7 

469.3 

4.3.7 

53.6 

(U. 1 

9 

Calcined phosphate. 60 to 80 mesh .. 

48.0 

58.7 

55.9 

510.3 

53.1 

71.3 

78.0 

10 

Calcined phosphate, 100 to 150 mesh... 

53.8 

66 7 

55 3 

609.5 

52.0 

82.7 

82.8 

11 

Calcined phosphate, reverted .... 

33.7 

63.8 

55.7 

359. a 

49.5 

74.3 

62.4 

12 

Basic s!ag. 

41.7 

60. .5 

55.8 

432.7 

46.6 

76.8 

6:1.8 

13 

Calcium metaphosphate.-. 

59.3 

63.7 

52.5 

389.7 

50.4 

80.8 

74.2 

14 

Fused phosphate rock. 

55 1 

63.6 

51.3 

474.6 

47.5 

82.5 

76.0 

15 

Non-Acid Phosphate... 

41.8 

64.2 

54.9 

249.3 

46.0 

62.6 

.50.1 

1C 

Tenne.ssec brown-rock phosphate_ 

16.0 

55 0 

46.8 

148.6 

42.2 

61.3 

33 7 


' Per pot; aerial portions of plants only. 

»Total PiOi applied at rate of 0.60 fnn. per pot (240 pounds p^r acre); pH of soil 5.8. 

’ Total PjO« applied at rate of 0.27 gm, per pot (60 pounds per acre). 

< Total P»0« applied at rate of 0 35 gm. iwr pot (100 pounds per acre) 

» pH of soil 5 4. 

* pH of soil 7.1. 

7 Total PaO| applied at rate of 4.5 cm. per pot ( 1,300 pounds per acre); pH of soil 5 2. 

* Total PsOa applied at rate of 0.162 gm. per pot (70 pounds per acre); pH of soil 5 3. 

* pH of soil 5.3. 

1* pH of soil 6.1. 


Most of tbe phosphonw determinations were made by T. H. Tromeame, Fertiliser Research Division. 
Snreao of Agricultural Chemistry and Engineering 
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Tablb 5 .—Average dry weight and P 2 O 5 content of plants and recovery of applied 
P 2 O 6 (acid and neutral soils )—’Continued 

RECOVERY OF APPLIED PsOji 


Phosphate treatment 

Ger¬ 
man 
millet, 
Bu¬ 
reau of 
Plant 
Indus¬ 
try 

Sudan grass 

No. 

Material 

Arkansas Exper¬ 
iment Station 

Hawaii 

Exper¬ 

iment 

Sta¬ 

tion 

Mich¬ 

igan 

Exper¬ 

iment 

Sta¬ 

tion 

West Virginia 
Experiment 
station 

First 

series 

Second 

series 

First 1 
series { 

Second 

series 



Percent 

Percent 

Percent 

Percent 

Percent 

Percent \ 

Percent 

1 

Superphosphate. 

4.7 

2 7 

6.2 

6.5 

15 5 

7.R 1 

14.3 

2 

Monocalcium phosphate. 

4.6 

2.0 

! 6 7 

2.0 

15.3 

8.9: 

1 14.1 

3 

Dicaloium phosphate. 

7.1 

3.4 

1 6.4 

6.3 

16.2 

11.3 

1 13.0 

4 

Oalcined phosphate. <20 mesh. 

2.1 

.4 

! 6.1 

7.6 

14 5 

8.8 

12.7 

5 

Oalcined phosphate, <40 mesh . 

. 3.6 

3.4 

5.6 

1 6.4 

11.8 

14.3 

12.5 

6 

Calcined phosphate, <80 mesh. 

4.3 

6.2 

7.6 

7.9 

10.5 

12.3 

, 17.0 

7 

Calcined phosphate, <200 mesh. 

5.3 

6.0 

8.5 

7.1 

12.3 

9.6 

14.3 

8 

Calcined phosphate, 20 to 40 mesh. 

1.8 

3.6 

6.8 

8.1 

5.8 

5.6 

1 11.5 

0 

Calcined pho.sphate, 60 to 80 mesh. 

4.3 

2.4 

8.0 

0.0 

12.0 

10.6 

16.3 

10 

Calcined phosphate, 100 to 150 mesh_ 

5.3 

6.3 ! 

7.7 

9 0 

11.3 

13.8 

! 17.7 

11 

Calcined phosphate, reverted. 

1 9 

4.3 

7.9 

5 5 

9.6 

11.4 

11.9 

12 

Basic slag. 

3.3 

6.4 

7.9 

7.3 

7 7 

12.1 

; 12.3 

13 

Calcium metaphosphate. 

6.2 

4 2 

6.7 

6.3 

10.2 

13.2 

16.2 

14 1 

Fused phosphate rock. 

6-5 

4.2 

6.3 

8 2 

8.3 

13.7 

i 15.7 

15 

Non-Acid Phosphate. 

3.3 

4.4 

7.6 

3.0 

7.3 

8.0 

10.! 

10 

Tennessee brown-rock phosphate. 

-1.0 

1.0 

4.6 

.0 

4.8 

4.8 

1 3.7 


1 Per pot; aerial portions of plant only. 

Table C .—Ejffect of phosphatic materials on tomato plants grown on soil having a 

pH value of 9M * 


No 

Material 

Plants 
per pot 

i 

Color of 
plants 

1 

Condition 
of plants 

Dry 
weight 
per 100 
plants 

PiGj 

con¬ 

tent 

Efficiency of 
phosphatic ma¬ 
terial as indi¬ 
cated by in¬ 
increase in— 



per 100 
plants 

1 

1 1 

Dry 
weight 
of 100 
plants* 

1 PtO« 
content 

1 of 100 
plants* 

1 

No phosphorus. 

Sui)erphosphate. 

Number 

122 

80 

Purple. - 
Green... 

Poor. 

Good. 

Grams 

4.J 

9.3 

1 

Mim- 

gramn 

17.8 

76.4 

100 

100 

2 

Monocaloium phosphate. 

51 

..do. 

...do. 

21.0 

93.5 

133 

131 

3 

Dicalcium phosphate _ 

74 

Purple., 
.do. 

Poor_ 

7.1 

1 41.9 

58 i 

42 

4 

Calcined phosphate, <20 mesh_ 1 

87 

-do. 

8.4 

' 42.1 

83 

42 

5 

Caleine<l phosphate, <40 mesh_ 

88 

-.do. 

.-do. 

7.6 

51.6 

67 

69 

0 

Calcined phosphate, <80 mesh... 

87 i 

-do. 

...do. 

7.8 

35.2 

71 

30 

7 

Calcined phospliate, <200 mesh .. 

81 1 

..do. 

...do. 

9.8 

48.9 

no 

54 

8 

Calcined phosphate, 20 to 40 mesh. 

138 

. .do_ 

. do. 

8.2 

27.8 

79 

17 

9 

Calcined phosphate, 60 to 80 mesh. 

101 

-.do_ 

...do. 

5.9 

21.5 

35 

6 

10 

Calcined phosphate, 100 to 150 

88 

-..do. 

...do. 

4.8 

24 0 

13 

11 

11 

mesh. 

Calcined phosphate, reverted. 

109 

...do. 

...do.. 

5.4 

23.6 

25 

10 

12 

Basic slag... 

102 

...do_ 

...do. 

6.5 

3R.4 

46 

36 

13 

Calcium metaphosphate. 

69 

...do.,... 

...do_ 

6.7 

74.5 

50 

98 

14 

Fused pho^hate rock. 

Non-Acid Phosphate. 

I 130 

...do. 

...do. 

6.4 

30 7 

25 

22 

15 

91 

...do_ 

...do. 

7.7 

57.6 

60 

69 

16 

Tennessee brown-rock phosphate.. 

91 

...do. 

Very poor. 

4.0 

27.2 

-2 

16 


J Experiments by Arizona Agricultural Experiment Station on a semiarid, sandy loam soil that was very 
low In organic matter and contained 3 percent of CaCOj. 

> Based on the increase from superphosphate as 100. 


In the acid and neutral soils (table 5)^ marked increases in the 
growth and the phosphorus content of the plants were nearly alwa 3 ^ 
obtained with all the chemically |)rocessed phosphates. Although it 
was usually considerably less effective than the other phosphatic mute* 
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rials in a given series of experiments, increases in the dry weight anp 
the phosphorus content of the plants were also obtained by the appli¬ 
cation of ground phosphate rock (No. 16), except in the experiments 
by the Bureau of Plant Industry. 

A fair comparison of the relative effects of the phosphates applied 
to the alkaline soil (table 6) cannot be obtained, because the number 
of plants grown per pot varied widely. In ^eement with investiga¬ 
tions by the Idaho and Montana (^5) Agricultural Experiment Sta¬ 
tions, the data indicate, nevertheless, that the so-called water-insolu¬ 
ble phosphates are not good sources of phosphorus for the growth of 
plants on alkaline soil. The results are said to be in accord with the 
usual experience with Arizona soils. It will be noted that the plants 
which received calcium metaphosphate (No. 13) showed a high absorp¬ 
tion of phosphorus, but this was not accompanied by any marked 
improvement in their condition and color. Because of the lack of 
uniformity in the experimental procedure, this series of experiments 
will be excluded from further discussion. 

In previous tests comparing calcined phosphates, which varied 
widely in fluorine content and likewise in ammonium citrate- and 
citric acid-soluble phosphorus, the effect of the materials on the phos¬ 
phorus content of the plants in a given series of experiments was, 
with a few exceptions, in the same order as their effect on the dry 
weight {S2), When all the samples used in the present tests (table 5) 
arc considered on the basis of the increase in (he dry weight of the 
plants, the relative order of the phosphatic materials in a given series 
of experiments in many instances differs rather widely from that based 
on the phosphorus content of the plants. If, however, the samples 
involving the different ranges of particle size of the calcined phos¬ 
phate (Nos. 4, 5, 7, 8, 9, and 10) are excluded, the agreement is very 
much better, and both bases of comparison usually place the materiajs 
in either the same or nearly the same relatives order. 

Scarseth and Chandler {66) studied the residual phosphate situation 
with a nearly level Norfolk loamy sand in Alabama which had been 
used for a 20-ycar period in an experiment involving a 3-year rotation 
of cotton, corn, and oats with various legumes and with different 
phosphatic fertilizer treatments. Wlicre superphosphate was used. 
32 percent of the applied phosphorus was utilized by the plants, 8 
percent remained in the soil, and 60 percent was carried away with 
the clay fractions lost by erosion. With ground phosphate rock the 
corresponding figures were 9, 9, and 82, percent, respectively. As 
indicated by the phosphorus content of the aerial parts of the plants, 
the recovery of the applied phosphorus in the present experiments 
usually did not exceed 10 percent, and in no case was it as high as 20 
percent (table 5). With one exception (calcined phosphate No. 4, 
Arkansas station, first series), the recoveries of phosphorus from 
ground phosphate rock (No. 16) were lower, usually very much lower, 
than those from the other materials. With the same type of soil and 
the same weight of applied phosphorus, the recoveries of phosphorus 
from all the materials, except ground phosphate rock at the West 
Virginia station, increased with the pH value of the soil (Arkansas 
and West Virginia stations). Contrary to the results of previous 

** See footnote 7, p. 641, 

McQsorgs. W. T. Pilvate communication. Arifcna Agricultural Experiment Station. 
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experiments (S£), there was no relation between the recovery and the 
per acre rate of application of the phosphorus. 

RELATIVE EFFICIENCY OF PHOSPHATIC MATERIALS 

The relative efficiency of the different types of phosphates, as indi¬ 
cated by the increase m the dry weight and phosphorus content of 
plants grown on acid and neutral soils, is shown in figure 1, and 
similar data for the different ranges of particle sizes of the calcined 
phosphate (Nos. 4 to 10, inclusive) are shown in ^ure 2. The 
efficiency of the phosphates is based upon 100 as the increase in dry 
weight or phosphorus content due to the application of superphosphate. 
The Bureau of Plant Industry used German millet as the test crop; the 
experiment stations used Sudan grass. In figure 1, the materials 
diner not only in the chemical nature of the phosphorus-bearing com¬ 
pound or compounds but usually in their content of calcium and other 
elements, as w'ell as in their basicities and hence in their ability to 
neutralize soil acids. Therefore, the changes in the plant dry weights 
and phosphorus content obtained writh these materials do not neces¬ 
sarily represent merely the specific effects of the applied phosphorus. 
In figure 2, on the otber hand, the compared materials are practicaUy 
identical in chemical composition, and the differences in their efficiency 
can be attributed entirely to particle-size effects. 

Although for a given material the efficiencies based on the dry 
weight of the plants show rather wide variations in some instances, 
they are usually much more consistent than those based on the phos¬ 
phorus content. Furtheimore, for a given material in a given series 
of experiments, the efficiency based on the dry weight is usually 
lower, often very much low’er, than that based on the phosphorus 
content, which is contrary to the results of previous experiments (SS). 

On the basis of the dry-weight increases, the average relative effi- 
eiency of the different types of phosphatic materials (fig. 1) falls in 
the tleereasing order: ijicalcium phosphate, 107; fufeed phosphate 
rock, 102; superphosphate, 100; <80-mesh calcined phosphate, 99; 
calcium metaphosphate, 98; Non-Acid Phosphate, 95; ^Adic slag, 90; 
reverted calcined phosphate, 88; monocalcium phosphate, 84; and 
Tennessee brown-rock phosphate, 31. On the basis of the increases 
in phosphorus content of the plants, the order is^ <J(80-mesh calcined 
phosphate, 130; fused phosphate rock and calcium metaphosphate, 
120; basic sl^, 119; dicalcium phosphate, 117; superphosphate and 
reverted calcined phosphate, 100; monocalcium phosphate and Non- 
Acid Phosphate, 89; and Tennessee browm-rock pho^hate, 32. 
Although the two bases of comparison do not place the efficiencies of 
the matoiia^s (except those of fused phosphate rock and ground phos¬ 
phate rock) in the same order, both bases ^vo high ratings to dicalcium 
phosphate, fused phosphate rock, <80-mesh calcined phosphate, and 
calcium metaphosphate and a comparatively low rating to ground 
phosphate rock. 

In nearly all the tests dicalcium phosphate was equal or superior 
to superphosphate as a source of phosphorous for the growth of plante 
on acid and neutral soils. Good results were also obtained with this 
material in previous experiments (S£, 61, 63). On the other hand, 
monocalcium phosphate was usually less efficient than superphosphate 
(fig. 1). In view of the high average efficiency of the dicalcium phos- 
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phate, <80-mesh calcined phosphate, fused phosphate rock, and cal¬ 
cium metaphosphate (materials which are either very low in or free 
from sulfur) as compared with that of the sulfur-rich superphosphate, 
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Figure 1. —Relative efficiency of different types of phosphatic materials, as 
indicated by increase in dry weight and phosphorus content of plants grown 
on acid and neutral soils, based on the increase from superphosphate as 100: 
At Efficiency of phosphate as indicated by increase in dry weight; B, efficiency 
of phosphate as indicated by increase in phosphorus content of plants. 


the relatively low efficiency of the monocalcium phosphate cannot be 
attributed to the absence of sulfur therefrom. 

As shown in figure 1, the average efficiency of the Non-Acid Phos¬ 
phate in increasing the dry wc^ht of the plants was slightly higher 













































































Oct. i» 1040 Nutritive Value of Phosphorus in Phosphatie Materials 553 


■•utitAu or m.ANT rnousmy HOimcmioam sTArioN 
fli AIIKAIISAS STATION. 1ST SCNICS QWCST VIROINiA STATION, I ST 8CNIU 
0 ARKANSAS STATION, 10 SCNIES GSmCST VINOINIA STATION, S 0 SCWCf 
■ HAWAII STATION ■ AVCNASC 


r <20 lACSM—» r<40 r-<SO MCSM-. r<*00 MCSH-i r- 20 TO 40—1 r**® TO SO —1 r‘00 TO ISO—I 

' ' ' ’ • ' ' ' ' MESH ‘ ' MESH ' ' MESH ' 



B 


Figure 2. —Relative efficiency of different particle sizes of calcined phosphate 
as indicated by increase in dry weight and phosphorus content of plants grown 
on acid and neutral soils, based on the increase from superphosphate as 100: 
A, Efficiency of phosphate as indicated by increase in dry weight of plants: 
R, efficiency of phosphate as indicated by increase in phosphorus content of 
plants. 
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than that of the imported basic slag. In other experiments with the 
same materials the efficiency was in the reverse order. In tests 
by the Neubauer seedling-plant method, Thornton {72) found that 
Non-Acid Phosphate, applied to an acid silt loam soil (pH 5,4), was 
79 to 85 percent as effective as monocalcium phosphate. The average 
efficiency of reverted calcined phosphate was significantly lower than 
that of the <80-mesh unreverted material from which it was pre¬ 
pared (fig. 1). 

Although the results for a given material vary rather widely in 
some cases, the average efficiency (fig. 2) shows clearly the effect of 
the particle size on the fertilizing value of calcined phosphate. Thus, 
the average efficiency of the material increased markedly as the fine¬ 
ness of the particles w^as increased from 100 percent through a 20-mesh 
sieve to 100 percent through a 40-mesh sieve, and to a smaller extent 
as the particle size was decreased still further. Likewise, 20- to 40- 
mesh particles were, in general, considerably less efficient than were 
60- to 80-mesh particles, and the latter were somewhat less efficient 
than 100- to 150-mesh material. It appears, however, that little is 
gained by increasing the fineness of calcined phosphate beyond 80 
mesh. The average efficiency of the 80-mesh product was somewhat 
lower than that of similar material used in previous experiments {32), 

COMPARATIVE EFFICIENCY AND SOLUBILITY OF 
PHOSPHATIC MATERIALS 

The average relative efficiency of most of the materials, as indicated 
by the increases in the dry weiglits of plants grown on acid and ncuitral 
soils, was higher than would be expected on the basis of their solu¬ 
bility in neutral ammonium citrate solution (table 7). In particular, 
the average n^sponses to applications of reverted calcined phosphate 
and of Non-Acid Phosphate were very much higher than the respec¬ 
tive citrate solul)ilities of the phosphorus contained therein. On the 
other hand, the average efficiencies (indicated by increases in dry 
weights) of the monocalcium phosphate, <20-mesh calcined phos¬ 
phate, 20- to 40-mesh calcined phosphate, and calcium mctaphosj)hate 
were somewhat lower than the respective citrate solubilities of the 
phosphorus. The average efficiency of the different ranges of particle 
sizes of the calcined phosphate (Nos. 4 to 10, inclusive) was usually 
in the same order as the solubility of the phosphorus in either neutral 
ammonium citrate or 2-percent citric acid solution. 

Aside from the monocalcium phosphate, which \vas completely 
soluble in either solvent, all but tw^o of the materials (superphosphate 
and calcium metaphosphato) showed higher solubility of the phos¬ 
phorus in citric acid than in ammonium citrate. Previous studies 
(4, 5, 29y 33) have show^n that iron and aluminum orthophosphates 
are more soluble in neutral ammonium citrate solution than in 2-per¬ 
cent citric acid, whereas the reverse is true of the calcium orthophos¬ 
phates {32y 33y 36), As compared to the citrate solubility, the lower 
citric acid solubility of the phosphorus in superphosphate is no doubt 
duo to the presence of iron or aluminum phosphates, or both. Since 
the conditions under wdiich the sample is treated for the determina¬ 
tion of citrate-soluble phosphorus (5, pp, 21-22) are more favorable 
for the hydrolysis of metaphosphate to orthophosphate than those in 
the determination of citnc acid-soluble phosphorus (S, j?. 36)y the 
greater sol ubility of the calcium metaphosphate in the first solvent 

In this paper, Non-Acid Phosphate was called calcined phosphate. 
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is probabljr due principally to a higher conversion into orthophos¬ 
phate during the digestion of the sample and the filtration of the 
extract. 

Table 7. —Comparative efficiency and solubility of phosphatic materials 


j 

No. 

Material 

Average efficiency of 
phosphatic material 
as indicated by in¬ 
crease in— 

Solubility of phosphatic 
material as deter¬ 
mined by— 

Dry 

weight of 
plants > 

Phosphor¬ 
us content 
of plants t 

Neutral 
ammonium 
citrate 
method > 

2-peroent 
citric acid 
method * 

1 

Siifierphosphafe. . , . 

100 

100 

Percent 

99.4 

Percent 

79.3 

2 

Monocalcium phosphate. 

84 

89 

100.0 

100.0 

3 

Dicalcium phosphate... 

107 

117 

94.3 

100.0 

4 

Calcined phosphate, <20 rnesh... 

77 

82 

79,1 

87.8 

n 

Calcined phosphate. <40 mesh. 

97 

106 

87.4 

91.8 

6 

Calcined phosphate, <80me.sh-._ 

99 

1.30 

90.0 

92.5 

7 

! Calcined phosphates <200 mesh. 

103 

126 

90.1 

92.5 

8 

1 Calcined phosphate, 20 to 40 mesh.. 

63 

85 

716 

85.8 

9 

i Calcined phosphate, 60 to 80 mesh .. 

93 

111 

84.9 

87.7 

10 

i Calcined phosphate, 100 to 150 mesh. 

101 

135 

88.0 

90.7 

11 

Calcined phosphate, reverted.... 

88 

100 

44.7 

62.6 

12 

' Basic slag. 

90 

119 

80.4 

82.3 

13 

Calcium metaphosphate. 

98 

120 

99.6 

31.4 

14 

Fused phosphate rock. 

102 

120 

84.1 

91.4 

15 

Non-Acid Phosphate.. 

95 

89 

57.1 

63.6 

10 1 

Tennessee brown-rock phosphate. 

31 

32 

7.1 

1 

17.4 


1 Ba<uvl on the increase Irom saperphasphate as 100, excluding results obtained with alkaline soil by the 
ArUona Agricultural FApenment Station. 

> Based on the total phosphorus content of the material. 


All the experiments with ealciiim metaphosphate (Gg, 1 and table 7) 
show that its value as a source of phosphorus for the growth of plants 
on acid and neutral soils is correlated much more closely with the 
solubility of the phosphorus in neutral ammonium citrate solution 
than in 2-percent citric acid. In agreement wth the results of pre¬ 
vious studies {32, 36), on the other hand, the citric-acid method seems 
to give a better index of the values of finely ground calcium ortho¬ 
phosphates as sources of phosphorus for the gitiwth of plants on such 
soils than does the neutral ammonium citrate method. Although 
the evidence at hand is insufficient to justify a definite conclusion, 
it appeal's that neither method is satisfactory for the evaluation of 
phosphates for application to alkaline soil (table 6) and that water- 
soluble phosphatc*s are the best sources of phosphonis for nlant 
growth on such soil. 

SUMMARY 

In order to obtain information on the nutrient value of the phos¬ 
phorus in defluorinatetl phosphates (calcined phosphate and fused 
phosphate rock) and the high-temperature form of calcium meta¬ 
phosphate, pot experiments were made with Sudan grass and German 
millet on Clarksville silt loam, Norfolk loamy fine sand, Miami soil, 
Dekalb silty clay loam, and a dark reddish-brown friable clay, ranging 
in pH from 5.2 to 7.1, and wth tomatoes on a calcareous sandy loam 
of pH 9.5. Particular attention was given to the nutrient value of 
calcined phosphate as affected by the particle size of the material. 
Experiments were made with reverted calcined phosphate in which a 
considerable portion of the phosphorus bad men converted^ into 
forms insoluble or only partly soluble in neutral ammonium citrate 
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and 2-percent citric acid solutions by heating the soluble material at 
1 ,000® C. in the presence of water vapor. Superphosphate^ mono¬ 
calcium phosphate, dicalcium phosphate, high-pade basic slag, 
groimd raw phosphate rock, and Non-Acid Phosphate (prepared bv 
heating a mixture of phosphate rock and a potassium salt at hign 
temperature) were also included in the tests. 

In general, finely ground unreverted calcined phosphate «80 mesh, 
or finer), fused phosphate rock, and calcium metaphosphate were 
approximately equal to superphosphate as sources of phosphorus for 
the growth of plants on acid and neutral soils, but the results of a 
single series of experiments indicated that these materials, as well as 
the other types of water-insoluble phosphates, are not so effective as 
water-soluble phosphates (monocalcium phosphate and superphos¬ 
phate) on alkaline soils. 

The average efficiency of the phosphorus of unreverted calcined 
phosphate increased markedly as the fineness of the particles was 
increased from 100 percent through a 20-mesh sieve to 100 percent 
through a 40-mesh sieve, and to a smaller extent as the particle size 
was decreased still further. Likewise, 20- to 40-mesh particles were, 
in general, considerably less efficient than 60- to 80-mesh particles, 
and the latter were somewhat less efficient than 100- to 150-mesh 
material. It appears, however, that little is gained by increasing 
the fineness of calcined phosphate beyond 80 mesh. 

The average efficiency of reverted calcined nhosphate and Non- 
Acid Phosphate in increasing the growth of plants on acid and neutral 
soils was much higher than would be (‘xpected on the basis of the 
citrate and citric acid solubility of the phosphorus contained therein. 
The average efficiency of calcium metaphosphate was much higher 
than its solubility in 2-percent citric acid inclicated, but was in good 
agreement with its solubility in neutral ammonium citrate solution. 
With tliis material, superphosphate, and the coarsely ground unre- 
verted calcined phosphate «20-mesh and 20- to 40-inesh materials) 
as exceptions, the solubility of the phosphorus in 2-percent citric acid 
appeared, in general, to give a somewhat better index of the values 
of the phosphatic materials for the growth of plants on acid and 
neutral soils than did the solubility in neutral ammonium citrate. 
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ESTIMATES OF PRODUCING ABILlTlP^lLfiLAiaiXCATl^ 

By G. E. Dickerson * 

Instructor in genetics and dairy husbandry, Wisconsin Agricultural Experiment 

Station 


INTRODUCTION 

Progress in improving dairy cattle through selective breeding based 
on production pe>rfonnance is basically determined W the accuracy 
with which production records indicate inherited diflferences in pro¬ 
ducing ability. This accuracy becomes gjreater with any reduction 
in the variation caused by nonhereditary influences. Recent expan¬ 
sion in the use of production records for dairy cattle improvement, 
and the present variety in the kinds of production records and adjust¬ 
ments for developinental or management influences used, indicate the 
desirability of knowing whether any one kind of record has advantages 
over the others and which adjustments for nonhereditary influences on 
production records contribute materially to their accuracy. While 
numerous investigators have studied the environmental and develop¬ 
mental influences on production and have derived factors for standard¬ 
izing records for such influences, only limited attention has been given 
to the relative genetic worth of corrected and raw records, and of the 
different kinds of production records. In this study the degree of 
inlierency of five kinds of production records, before and after each 
correction for nonhereditary influences, is determined among the 
records of the same cows to see which estimate of producing ability is 
of greatest practical usefulness for selection purposes. 

SOURCE OF DATA 

The data include 1,574 lactation and 1,456 testing-year records of 
274 Holsteins from 41 herds. Special fieldmen obtained the desired 
recOTds directly from Dairy Herd Improvement Association herdbooks 
at the farms in coimection with herd studies sponsored by the Germ 
Plasm SurvOT of the United States Department of Agriculture in 1935. 
The cows sefected for this study were tested during at least their first 
five lactations and had no recorded mastitis, injury, or abortion, 
during Ais time. Testing-year records were discarded for years in 
which a cow freshened for the &cst time later than the third month or 
left the herd before the tenth month. Actual yields were used except 


1 Reoeirad for pobllofttloii Janviary 8.1940. Paper from the IH^ment of OeneU^ (No. 256). WfacoMin 
Asrieultiiral Experin^t Station. Some assistance was provided by the National Youth Administration 
end the Work mjects Administration during the ooowe of tl» investigation. w i 

» The writer wishes to express his appreciation to Dr. Cole at whose sugroUon tto work was 

and to Dn. A. B. Chapman and L £. Casida. of the Wisconsin Station, and Dr. J. L. Lush, of the Iowa 
Station, in many helpful suggestions and for criticism of the manuscript 
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for some three and four milkings-per-day records in a few Holstein 
herds, and these were corrected to a two-daily-milkings basis with 
Norton's factors {23)? 

METHOD OF INVESTIGATION 

Each cow's lifetime production was calculated in terms of five kinds 
of records (240-day, 305-day, 365-day, total lactation, and testing- 
year), making it possible to compare the different kinds of records 
within the same cows and under the same environmental conditions. 
The means and standard errors for the five kinds of production 
records and the factors affecting yield are as follows; 


Record or factor Mean 

First 240-day butterfat yield.....pounds.. 318 ± 1. 8 

First 305-day butterfat yield__—do— 362 ±2. 2 

First 365-day butterfat yield_ ...do... 380±2. 4 

Total lactation period butterfat yield.....do— 389 ±2. 7 

Calving interval ^__days.. 390 ± 1. 9 

Lactation period length-do— 340 ±1. 8 

Dry period length ^_weeks.. 6. 9±0. 13 

Testing-year butterfat yield__.I>ound8_ _ 375 ± 2. 3 

Period milked during the testing year__-...days.. 322±0. 8 


1 In some cases the calving interval and following dry period were unknown for the last lactation. There¬ 
fore, these moans wore based on only 1,447 records instead of 1,574. 

The measure of usefulness of production records in selecting breeding 
stock which was employed to determine the value of ndiustment for 
environmental influences, and to compare tlu' five kiiuls of n'oords 
before and after such adjustments, was the average wifhin-herd 
correlation between records of the same cow. Tliis may be tenned 
‘^repeatability," since it indicates the degree to wliich r(*cords of thc‘ 
same cow repeat themselves (i. e., tend to be more like eacli other 
than they are like records of other cows in th(» same herd). This 
measure had previously been used by Lush and his coworkers {20^ 21), 
It is calculated by the analysis of variance method of Fisluu’ (S), in 
which the ratio of the betweeii-class to the total varianci* may he 
expressed either as the portion of the variance due to differences 
between the classes (e. g., those due to herd differences, or to cow’ 
differences within herds), or as the average correlation l)etween 
observations in the same class (e. g., betwe^en records in the saim^ 
herd, or records of the same cow). 

Smaller differences in repeatability arc statistically significant wduui 
the two variables compared are higlily correlated with each other, as 
in the present study (e. g., the actual and age-cornaaed records, or 
the 305-day and 365-day records, for the same lactations), than wh(*n 
two more or less independent variables are compan‘d (e. g., 305-day 
records in two different breeds, or comparing production in cattle with 
litter size in swine). 

The relative importance of the various sources of environmental 
variation in production, and the degree of repeatability or inherency 
of each influence were determined by the analysis of variance methodl. 
Whenever the association of environmental influences with each other 
or with production was essentially linear, the average correlation and 
regression among records of the same cow were obtained by the 
analysis of covariance {8) and used in calculating the percentage 
correction factors. 

* Italic numbers in parentheses refer to Literature Cited, p. 585 . 
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The repeatability of the production records was calculated on a 
within-herd basis, since the herd differences, which accounted for 
ono-fifth to one-tenth of the total variation in production records 
(table 1), are greatly influenced by herd differences in management 
practices while variation between the lifetime averages of different 
cows in the same herd are more largely genetic in origin. The re¬ 
peatability of the unadjusted records was obtained primarily for later 
use in deciding what had been gained by adjustment for nonhereditary 
influences, and varied from 0.23 for the 240-day to 0.26 for the total 
lactation records (table 1). 

Differences between herds, and between cows in the same herd, 
accounted for significant< portions of the variation in calving interval, 
lactation length, days milked during the testing year, and dry period 
length (tabic 1). Inherent differences between cows in the same 
herd were most important in dry period length, which is associated 
with the persistency level of the cow more closely than are lactation 
length and days milked. 

ADJUSTMENT FOR AGE 

The data for age are unique in that eveij cow was on test from her 
first calving until past the age of maturity. Thus there was no 
jiossibility that the mature age records represented a selected group of 
cows, inlierently higher in producing ability than those with immature 
records, as was the case with the data from which manv of the 40 
or more sets of age-correction factors have been derived by various 
workoi*s. There is the possibility, however, that the influence of age 
in these data may not be entirely representative, if cows staying in 
the herd for five or more records tend to be those with relatively 
higluT immature records, and if the percentage age change in yield 
varies with the level of inherent producing ability, as seems likely 
from these data (7) and from the work of Sanders (28, SO) and Schmidt 
The average annual production of th(*se cows was 375 pomids 
of fat, which was significantly greater (by 15 pounds of fat) than that 
of ()th('r cows in the same herds, and probably over 60 pounds above 
the average* of all cows in tested herds, 

Sanders (28, SO), Schmidt (32), Gaines and Palfrey (14), Kendrick, * 
Plum (24), and others have recognized the complicating effects of 
selection in their studies of age and have attempted to avoid these 
difficulties by studying the influence of age within individual animals. 
Tuff (S4) and Ward and Campbell (36) have proposed a regression 
equation method of adjustment for age which also corrects for im- 
know n temporary environmental influences on immature records, but 
allowance for this environmental regression toward the population 
average can best be made as suggested by Lush (19) in a separate 
calculation which tak<*s into acenunt the number of records for each 
(‘ow and the individual herd average, and wdiich treats immature and 
mature records alike. 


* **Sijrniflcant’' is used throughout to desiraate differences which would occur by chance alone less than 
1 percent of the time; those with a probability of chance occurrence of 1 to 5 percent are termed “barely 
significant.’* 

» Kbnpeick. J. F.. comp, tester’s computer. XJ. S. Bur. Dairy Indus., 22 pp. November 1987. 
[Mimeographed ] See pp. 17-19. 
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BASIS OF CORRECTION FOR AGE 


Age at calving accounted for about one-fifth (0.21) of the total 
variation in 240-day, but for progressively less of the variation in 
305-day (0.17), 365-day (0.13), and total lactation production (0.10), 
owing to the much greater total variability of the longer records and 
to a slightly smaller variation between age classes (class intervals of 
3 months) for the 365-day and total lactation.* Age at the b^inning 
of the year accounted for only about one-twelfth (0.09) of the variation 
in testing-year yield, even thoueh the total variation was about the 
same as tor 305-day lactation yidid (table 1). Flottine production on 
age (fig. 1) showed that the relationship was ^entiemy linear up to 
about 5 years of age, and that no average increase m production 
occurred beyond that point. The only noticeable deviation from 
linearity was for the few first lactations (8 of a total of 274) of cows 
calving at less than 21 months of age. 

Table 2 shows that the 240-day, 305-day, and 365-day lactation 
records starting under 5 years of age were significantly correlated with 
age only among records of the same cow (with the exception of the 
240-day record between cows). The fact that persistent declines 
with age has been shown by Sanders {25, SO), Turner (35), uaines and 
Davidson (IS), Gaines (10), Fohrman (9), and Scl^dt (S2). Sanders’ 
conclusion (SO) that the greatest ^e increase in production occurs 
within a few months after freshening is borne out here by the fact 
that no age increase in yield occurred beyond the eighth month of 
lactation (i. e., table 2 shows that the regression of 240-day lactation 
production on age was about the same as for 305-day and greater 
than for 365-day records). 

Percentage correction factors for 240-day and 305-day lactation 
records were calculated from their respective linear regressions on age 
(up to 5 years) among records of the same cow, taking the mean 
55-month yield as the mature level.^ The regression of 305-day 
yield on age was fitted to the means of 365-day and total lactotion 
yields (for ages under 60 months) in order to obtain the basis for 
calculating their age-correction factors. The 305-day regression 
was used for the longer records to exclude the infiuence of the sig¬ 
nificantly longer calving intervals and lactations (fig. 1) of first calvere 
from the age correction, since separate adjustment for variation in 
these influences was also to be studied. 


« For detailed analysis of variance tables, and for other tables pertaininK to the data discussed in this paper, 
reference is made to the following; Dicckbson. Q. B. svALUanoN op several estimates or inherent 
PRonvciNQ ABiLiTT IN DAIRY CATTLE. UnpubUsbed manuscript on flic in the Univ. of Wls. library. The 
analvsls of variance tables are summariaed in table 9 of the present paper. 

’ For example, the 9404ay flit yield values for each age, from which to calculate the percentage age oorreo- 
tion factors, were obtained flrom the regression equation 


y-ir+(E-S6 

where 


y^inean 240-day yield for ages under 60 months, 
x»meai> age at calving for ages under 60 months, 

6"»average increase in yield per month increase in age up to 60 months, among records of the same 
cow. 

For 50 months, y»290.90+(55-40.26)S.23«3U.6 
For 24 months, y»296.09+(94->40.26)3.23«244.5 

S446 

Correotton liMtor for 2IO^y records of 24-month-old cqws«»|||^^«*1.41 
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Tabls 2. —Analysis of eovariancs between age ^ and huUerfat yield during lactation 


Source of variation 

Degrees 

of 

freedom 

First 240 days 

First 305 days 

First 865 days 

r 

b 

r 

b 

r 

b 

Herd means. 

Cow means within herds.. 

Records of same cow. 

Total-.-... 

40 

233 

541 

-0.036** 
.190 
.667 

Pounds 

-0.641** 

2,480 

I 3.230 

0. 010** 
.161* 
.639 

Pounds 
0.217** 
2.656* 

! 3.251 

0.027** 

. 117** 
.562 

Pounds 
0.626** 
2.171** 
3.053 

814 

1 .506 

3.103 

.450 

3.150 

.389 

2.952 


> For lactations starting before 60 months of age. See also footnote 2, table 1. 



23 29 35 41 47 53 59 65 71 77 83 89 95 101 107 

AGE (MONTHS) 

Figure 1.—Association of age with calving interval, length of lactation period, 
length of dry period, and butterfat production. 
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Faxitors for age correction of testing-year records were based on the 
mean testing-year yield and the regression of 305-day yield on age; 
their only important deviation for the 305-day regression was for ttie 
first year records which are lower relative to the first lactation records 
because the first interval between calvings was longer than later ones. 
Maximum testing-year production is reached earlier in terms of age 
at beginning of the testing^ear than is maximum lactation yield in 
terms of age at calving. The age increase in yield occurs chiefly in 
the early part of the lactation period, and is therefore reflected in test¬ 
ing-year records beginning several months before the start of the 
lactation period in which the increase actually occurs. 


RESULTS OP CORRECTION FOR AGE 


Comparison of tables 1 and 3 shows that age correction increased 
tlie repeatability of all five kinds of records significantly (by one- 
sixth to one-half). The increase was greater for 240-day and 305-dav 
than for the longer lactation records and the ^sting-year record. 
The increase was accomplished by a sharp reduction in the variation 
among records of the same cow, accompanied by an increase of similar 
[jroportions in the variation between cow means. The increased 
variation between cow' means arose from the use of percentage cor¬ 
rection factors greater than unity which add more to the average 
yield of high than to that of low producers. It has already been 
sliown (7) that the increase in production with age is at least propor¬ 
tional to the producing ability of the cow and that, if anything, high 
pr()duc(‘rs are undercorrected and low producci*s overcorrected by 
percentage factors. The increase in repeatability of 365-day and 
total lactation records would have been somewhat greater had the 
age corrections applied been based on their own respective age changes 
instead of on the larger regression of the 305-day record on age, since 
the within-cow variation due to the age decline in calving interval 
and lactation length (fig. 1) would have been largely removed. 


"J'able 3.““ Analysis of variance in age-corrected butterfat yield due to herd and cow 

differences ^ 


I 


i 


of variation ! 


Deprwsj 
of free¬ 
dom 


Herds .. 

Cows within herds. 

Records of same ww. 

Correlation between records in 
same herd. 


// i 

« i 

11 1 

lutraherd correlation betw^eon j 

records of same cow. C-f 


(40) 


} Variance in butterfat yield during 

1 lactation 

1 

De¬ 
crees i 
of free¬ 
dom 

Variance 
in test> 
in«-yoar 
butterfat 
yield 

First 

240 

days 

First 
305 j 
days 

First 

365 

days 

Total 

lacta¬ 

tion 

I*oundM 

Founds I 

Pounds 

Pounds 


Pounds 

815 

1,150 1 

1,211 

1,164 

(40) 

1,517 

1,369 

1.922 : 

2,440 

3,036 

(233): 

1,991 

12,663 

3,603 1 

!4,80I 

6,895 

1,182 

4,490 

.167 

, 171 

.143 

.105 


.190 

.338 

1 

.344 

.337 

.306 


.307 


> See footnotes 2,3, and 4, table 1. 


The smaller increase in repeatability for the testing-year record 
(change of 0.07 as compared to 0.11 for the 305-day record) was duo 
to the fact that i^e-correction made only about one-third as great a 
percentage reduction in the variation among records of the same 
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cow for the testing-year as for 305-day lactation records, even though 
both the within- and the between-cow variation in unadjusted records 
were nearly identical for the two kinds of records. The portion of the 
variation in testing-year records associated with age at the begiiming 
of the year (0.09) was smaller than that in 305-dajjr records associated 
with age at calving (0.17). Since the age-increase m production occurs 
during the early part of the lactation period, it is naturally more 
closely associated with the age at calving than with the age at the 
start of a testing association's fiscal year, which bears less relationship 
to the time of freshening. 

ADJUSTMENT OF LACTATION RECORDS FOR ENVIRONMENTAL 
VARIATION IN LENGTH 

The influence of environmental variation in length of record can be 
minimized cither by using a standard length of partial lactation short 
enough (e. g., 240 days) to avoid the influence of variation in length of 
time a calf was carried, as suggested by Gaines and Palfrey (14), 
Gowen {15), and others, or by adjusting longer kinds of records to a 
standard length basis as was done by Sanders {27, 29, 30). Presum¬ 
ably, the latter method would only be de^sirable if inherent difl^erences 
in producing ability were more important in the later than in the 
earlier months of the lactation period. The repeatability in these 
data of 0.17 for dry period length (table 1) is an indication that 
important hereditary differences in persistency of lactation do exist, 
as maintained by Sanders {25, 30), Bonnier {3), and others; therefore 
it seemed worth while to compare the long(jr kinds of records adjusted 
to a mature age and standard interval between calving basis with the 
shorter partial lactation records corrected for age only. 

DIRECT CORRECTION FOR CALVING INTERVAL 

Variation in length of the interval between calvings was responsible 
for one-fourth (0.24) of the variation in total lactation records, and for 
one-tenth (0.11) of that in 365-day records, but for only a small 
amount (0.05) of the variation in production during the first 305 days 
of the lactation. Inspection of figure 2 and comparison of the squared 
gross correlation, 0.214 (table 4), with the between-calving interval 
classes portion of the variance, 0.236,® show" that the association of 
total lactation yield with length of calving interval is essentially 
linear. 


Table 4. —Analysis of covariance of length of dry period and of lactation •period^ 
and total butterfat yield, with length of calving interval * 


Source of variation 

De¬ 
grees of 
free¬ 
dom 

Length of dry 
period 

Length of lacta- 
1 lion period 

Total butterfat 
yield during 
lactation 

i »* 

1 

b 

|. . 

T 

6 

r 

b 

Between herds. 

40 

233 

1.173 

0.437 

.254 

.400 

Wuki 

1 0.0345 

1 .0101 
.0247 

0.h20 

.799 

.900 

Dayt 

0.761 

.787 

.834 

j 

1 0.107** 
i ,517 
.521 

1 

Founds 
0.184** 
.006 
.653 

Between cows within herds. 

Between records of same cow. 

Total... 

1.446 

.370 

1 .0246 

.878 

.817 

.463 

.661 



1 See footnote 2, table 1. 


* See footnote 6. 
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Percentage correction factors* were calculated from the average 
linear regression (0*66 pound per day increase in calving intervm^ 
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CALVING INTERVAL (DAYS) 

Fionas 2 .—Association of variation in length of calving interval with leu^h of 
dry period, length of lactation period, and butterfat yield during lactation. 


table 4) of total lactation yield on calving interval among records of 
the same cow. The modal length of 365 days was adopted as the 
standard length of calving interval to which correction was made. 
Extremely long intervals caused by breeding troubles accounted for a 


* See footnote 6. 
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skewed distribution and a mean length of about 13 months (p. 664) 
similar to that found by Sanders (S7)f Gaines and Palfrey fl'^d 
Schmidt {S2), Using figure 2 as a guide, the point at wliich the 
first 305-day and 365-day lactation yidd ceased to be associated with 
further increases in calving interval length was arbitrarily set at 380 
and 460 days, respectively, in correcting these two kinds of ‘^chopped- 
off^^ records to a 365-day calving interval basis. When the calving 
interval was more than 18 months, the first 365-day yield was cor¬ 
rected and used as the estimated total lactation yield in a standard 
365-day calving interval. Sanders’ (29, 30), observation that the 
percentage factors for adjusting for length of service period (i. e., 
calving to conception) differed little between fii*st and later lactations, 
or between persistent and nonpersistent cows, has been found to 
extend also to different production levels within the same herd in these 
data; hence a single set of factors for all records should prove fairly 
satisfactory. 

A comparison of tables 3 and 5 show^s that adjustment to a 365-'day 
calving interval basis increased significantly the repeatability of age- 
corrected total lactation records and the betw'een-herd portion of the 
total variation in both the age-corrected 365-day and the total lacta¬ 
tion records; other changes were not significant.*® 

The real gain in hcritability resulting from adjustimuit for calving 
interval variation was ^eater than appeared from the increase<l 
repeatability, since the influence of permanent cow diff(U‘('nces in 
calving interval length was included in the repeatability of the actual 
but not of the corrected records.** There W'as probably a net gain in 
the hcritability of th(‘ age-corrected 365-day record with calving- 
interval adjustment for this reason. 

It seems clear from the comparison of tables 3 and 5 that adjust¬ 
ment of the age-corrected 365-day and total lactation records for varia¬ 
tion in length of the interval between calvings onl^^ increas(‘s their 
genetic worth to the same level as that of the 3()5-day ri‘cord corrected 
for age alone. However the results of several other methods of adj ust-. 
ing the age-corrected total lactation yield to a standard length basis 
wul be briefly reported here, lest it appear that th(» possibilities of the 
longer kinds of lactation records were not exhausted. 


The percentage retluction in the variation of age-correcU‘<l latsfation records was ootisid<‘rnhly greater, 
particularly among records of the same aiw, than the iM)rt}on of the variation in unadjusUHl rec<)nis origin' 
ally associated with calving interval length (table 4). C\)rrfction to a standard (lo' days) 1 month below 
the average in its<*lf would reduoj the variation even if all records were rwlucc'd by tlie same {HTcentage. 
Also the portion of the between-cow variation assiiciatcd with calving inUTval ha<l l)e<*n reduced and that 
within cows increascvl by the previous ajfp correction. 

The significant repeatability of calving-interval length (0 07, table 1) may t»e due to intentional or in¬ 
voluntary delayed breeding of better producers, but it is doubtless also assocliited with the rcproductiM* 
individuality demonstrated by Chapman and C'aslda (6‘). which may or may not l>c ussiK.iated with produc¬ 
tive capacity. In adjusting all records to a 3ijA-day calving-intcrval the influem'c of permanent 
differences lietween cow'S in calving-inten'al length was removed. This was justifiable even if tluw dif¬ 
ferences were largely hereditary, for otherwise the variation Ixdween eows In calving-interval length would 
tend to favor the lactation records of Inherently "slow breiKJing” cows and iKmalize the more regular breeders, 
ignoring the fact that the goal of selection i.s efficient reproduction as w'ell as produetion. The signifie^mt 
difference between the regression of 0.906 between cow means and that of 0.663 within eows In table 4 is evi¬ 
dence that the cows with the longer average calving intervals were higher producers for otlier reasons. These 
cow differences associated with calving-interval variation are not removed by adjustment w ith factors bast'd 
fO 906*^0 663)® 

on the within-eow regression (i.e„ - .‘ —»*0.07 not removed). Had each cow been adjusted to her 

own most probable ^‘inherent*' calving interval length as calculiited by I.ush’s formula (/») (0 31 ns much 
above or below the average for all cows as her own mean length for 6 records Indlcati's), alwiit 24 percent 
of the between-cow variance associated with calving interval would have remained 


instead of only 7 percent. 


f0.906~0.66;H(0.3lX0.663)]t 

-0.24) 
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Tablu 5 .—Analysiti of variance in age-^ and eaUnng^intervaUadjueted lactation rety 
ords due to herd and cow differences ‘ 




Degrees 

Variance in butterfat yield during 
lactation 

Source of variation 

Variance 

symliols 

of 

freedom 

First 

305 

days 

First 

365 

days 

Total 

lactation 

period 

Per calv¬ 
ing inter* 
valday 




Pounds 

Pounds 

Pounds 

Pounds 

Herds . .... 

n . 

(40) 

1,218 

1.312 

1,367 

0.01301 

Cows within herds-.. 

C. . 

(233) 

1,835 

2,079 

2,116 

.01429 

Records of same cow.. .. 

R . 

1,288 

3,626 

3,940 

4,004 

.08225 

Correlation betw een records in same herd. - 

It 

\H+C-¥R 

C 


.182 

.179 

. 183 

,205 

Intraherd correlation bcHwwn records of 
of same cow. 

■" - 

.330 

.345 

.346 

.307 


1 Seo footnotes 2* ‘S, amj 4, table 1. 


OTHER METHODS OF CORRECTION FOR CALVING INTERVAL 

The age-corroctod average yield per calving-interval dajr ^vras 
considered because ol its close association with actual producing eflS- 
cicnoy. However, its repeatability (table 5) was no greater than for 
the age-corrected total lactation record, since dividing by the calving 
interval greatly overcorrects for the influence of calving-intervd 
variation among records of the same cow,'^ as is also indicated by the 
rf'sults of Chapman and Casida (5). 

A method of adjusting the age-corrected total lactation record 
indirectly for calving-interval variation from the length of the lacta¬ 
tion period was also tried. Direct adiustment of the age-corrected 
total lactation record to a standard lactation length with factors 
bas(‘d on its averages regression on lactation length among records of 
the same cow would not increase its repeatability because of the 
important inherent differences between cows in lactation length which 
are indicated by its repeatability of 0.12 (table 1) and its higher cor¬ 
relation with production between cow means (0.688) than among 

records of the same cow (0.594) as shown in table 6.^* 

- * 

** The average (Jry iK^riod for all previous records was added to the lactation length of last lactations for 
whleii the calving interval was unknown. 

The fwt that variation in calving interval length was more highly correlated with the within;<50w than 
with the between-oow variation in yield after eorri'ctlon for age means that the within-cow portion would 
have l»een reduced proportionally more by dividing by calving-interval length had the within- and 
betwoen-eow regressions been the same (table 4). Since the botween-cow refnression was nearly as large a« 
the mean age-eorreeted daily yield, while the within-cow regression was significantly smaller, dividing by 
the calving interval overcorreets for the within-cow influence of calving-interval variation but just removes 
cow differences in yield associated with calving interval (including the part represented by the difference 
betw(‘en the within- and betweon-cow regressions, which is at least partly due to the better cows bcung 
bred later after calving). 

Correction factors based on the within-cow regression would remove not only the environmental part 
of the cow differene<*s in prodiK^tion associated with lactation length (about two-thirds), but also the part 
due to }x>rmanent cow differences in lactation length (about another one-fourth), which are largely dw ^ 
Inherent dilTerences in dry period length but also partly to individuality in calving-interval length. This 
would leave only about one-tenth, which is not the result of lactation length variatton (1.6., represented by 
the botween-cow regression lieing significantly greater than that within cows). That is. 

((0.44X0.81]-hf0.56X0.8]|-H1.21~0.811)» 

[Twi* 

bet wecu-cow variance correlated with lactation length, when a cow’s most probable inherent lactation length 
is 0.44 as much above or below' the mean of all cows as her own average Indicates (i. e., 


0.12X5.75 

r:::5j2-j-(0.i2X5.75) 


*0.44, 


where the intraherd correlation between lactation lengths of the same cow is 0.12 ^d the ayerm nwber^ 
records per cow is 5.75). Such adjustment of the age-corrected lactation yield should actually l eduee the 
between* and within-cow variances in nearly the same proportions, since the age-ocwrrection de^eam 
proportion of the between*cow (ftrom 43 to about 38 p^cent) and Increased thejwoporpon of the witWn- 
cow variance (from 85 to about 38 percent) which is assodated with lactation length (tables 1, S, and 6). 
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Table 6.—Analysis of covariance of length of dry period » and total butterfat yield 
during lactation period mth length of lactation period 


Source of vM'iation 

Degrees 

of 

freedom 

liongth of dry 
period 

Degrees 

of 

freedom 

Total butterfat 
yield during 
lactation 

r 1 

ft 

r 

ft 

Herd means - _ . __ 

40 

233 

1,173 

~0. l.W** 
-.266 
-.034** 

Days 
-1.738** 
-3.472 
-.504** 

40 

283 

1,300 

0. 350* 
.688 
.594 

Pounds 
0.673* 
1.211 
.807 

Cow means within herds___ 

Records of same cow.. 

Total. 

1.446 

-0.102 

-1.432 

1,574 

0.585 

0.885 



> The regression of lactation length (days) on length of the following dry iieriod (weeks) is given. Sec 
also footnote 2, table 1. 


Inspection of figure 3 shows that variation in the length of lactations 
shorter than about 10 months was due largely to cow differences in 
dry period length, inasmuch as the length of calving interval remained 
nearly constant, and table 6 shows that dry period was only correlated 
with lactation length between the means of different cows. The 
method of correction for lactation length largely avoided removing 
the cow differences in lactation length under 10 months, since each 
record was corrected for the average calving interval length for the 
particular lactation length class with the same factors used in cor¬ 
recting directly for calving interval variation.Comparison of tables 
7 and 5 with table 3 shows that this indirect method of calving interval 
adjustment reduced kill portions of the variance in age-corrected 
total lactation records'more than did direct adjustment for calving 
interval itself, because of the closer association of yield with lactation 
length (table 6) than with calving interval (table 4). However, the 
additional reduction was in the same proportion for all portions of the 
variance, leaving the repeatability and herd portions of the variance 
the same as for the direct method. 


Table 7. —Analysis of variance due to herd and cow differences for age- and lactation 
length-corrected total lactation records^ age-corrected average daily yield between 
dry datesj and for testing-year records corrected for age and days milked * 


Source of varianc'o 

V’ariance 

symbols 

Variance in butterfat yield 
during lactation 

Variance in testing 
year 

Degrees 

of 

frmlom 

Total 

lactation 

peric»d 

Average 
dally j 
l)etween 1 
dry 
dates* 

Degrws 
of 1 

freedom 

Butterfat 

yield 

Herds__-.- 

Cows within herds.. .. 

Records of same cow. 

Correlation between records in same herd 

Intraherd correlation between records of 
same cow... 

II 

C 

R 

II 

//-fC+Zf 

C 

C+R 

(40) 

(23.3) 

1.298 

I^unds 

1,279 

1,983 

3,6.56 

.173 

.352 

Pounds 

0.01153 

.01536 

.02610 

.218 

.360 

1 

(40) 
(233) 
1.182 

Pounds 
1.339 
1.701 
3,941 
. 192 

.301 




1 See footnotes 2, 3, and 4, table 1. 

> Age corrected butterfat yield for total lactation period divided by the number of days In the total lacta< 
tion period and the dry period preceding it. 


I* See footnote 6. 

u For examfde, the average caving Interval for lactations shorter than 280 days was 335 days» and the 
factor for adjusting 335*day calving interval records to a 365-day basis was 1.06. 
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ADJUSTMENT OF TESTING-YEAR RECORDS FOR NUMBER OF DAYS 

MILKED 



DAYS MILKED DURING TESTING YEAR 
(NUMBER) 

Figure 4. —The association of testing-year 
butterfat yield with the number of days 
milked during the year. 


A comparison of tables 7 
and 3 shows that no gain in 
repeatability is obtained by 
adjusting the age-corrected 
testing-year record to a stand¬ 
ard 325-days-milked basis with 
percentage factors based on 
the regression of production 
on number of days milked 
among records of the same 
cow, even though the associa¬ 
tion was essentially linear, as 
shown in figure 4 and by a 
comparison of the squared 
gross correlation (0.122, table 
8) with the portion of the 
variance occurring between 
10-day classes in days in milk 
(0.146). The explanation lies 
in the fact that variation in 
numlxT of days milkc^d ac¬ 
counted for over twice as 
much of th(* variation in test¬ 
ing-year records bctwc'en cow 
means as among records of 
the same cow (table 8), be¬ 
cause of the significant repeat¬ 
ability in number of days 
milk(Ml (0.08, table 1) and also 
because the number of days 
milked varies greatly in tlie 
part of the lactation period it 
represents in different testing- 
year records of the same cow.*^ 


Table 8. —Analysis of covariance between days milked and testing-year yield * 


Source of \ arial ion 

1 liegn^es of 

1 freedom 

r 

i ‘ 

Herd means... .. 

40 

0. 161 

Pound* 

1.704 

Cow means within herds.j 

233 

.431 

1.440 

Records of same cow.. ..i 

1,160 

.291 

,736 

Total--...... 

1,433 

0. 350 

1.012 


1 Sec footnote 2, table 1. 


See footnote 6. 

1* Since age-correclion decreased the botwocn-cow pr>rtion (from 0.18 to about 0.14) and increased the 
within-i^ow portion (from 0.08 to about 0.09) of the variance in te.^tinR*y<iar records af«.s(x*iated with days 
milked (tables 1,3, and 8), correction for days milked with factors based on the withln-c:ow re«rossloii would 
presumably reduce the Ix^twecn-cow variance at least as much as that within <‘ows (I. e., 

„.H-‘1^‘x0.14-0.09-I2:Z^*X0.09 

leaving unchanged or slightly reducing the repeatability. Even though it were possible to remove only the 
temporary environmental dmerenees between cows in days milked, the betwcen-cow variance would be 


reduced about as much as that within cows. That is, 0.14< 


(1.44-0.74-^(0.3X0 .74))» 
(1.44)» 


XO. 14-0.083 


0 08X5 3 \ 

when a cows* most probable Inherent number of days milked is only 0.3 (1. e., ogV(0 (W)<6 3) / 

as muhfa above or below the mean for all cows as her own average indicates the number of record per oow 
being6.3 and the intrahord correlation between rfx.*ords of the same cow being 0.08 for numlwr of days milked. 
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OTHER INFLUENCES ON PRODUCTION 


Of the remaining factors affecting butterfat production the feeding 
practice was undoubtedly the major one, influencing herd differences 
in production more than variation from year to year or from cow to 
cow in the same herd, as Plum {2^) has shown. Unfortunately, the 
information on feeding practices in the present data is imsatisfactory 
for the study of their influence on production. 


LENGTH OF PRECEDING 
DRY PERIOD 

In the present data 
the influence of varia¬ 
tion in length of pre¬ 
ceding dry period was 
similar to that found 
by Sanders (29, SO), 
Tuff (SJi), Arnold and 
Becker (/), and others, 
in that production 
appeared to increase 
with length of dry 
period up to about 1 
month and then de¬ 
cline for lactations fol¬ 
lowing dry periods of 
over 2 months (fig. 5). 
Actually, the appar¬ 
ently lower production 
following the longer 
dry periods indicates 
that these are records 
of the inherently non- 
})ersistent, lower pro¬ 
ducing cows/'* as also 
noted by Sanders (30), 

The rather abrupt 
increase in yield as dry 
period is increased up 
to about 1 month cor¬ 
responds to that found 
for per-sistcnt pro¬ 
ducers by Sandei’s 
(SO), and is interjireted 
to mean that a mini¬ 
mum dry period of 
about a month is 
needed iii the^physi¬ 
ological preparation 
for maximum daily 
yield. Increasing the 



PRECEDING DRY PERIOD (DAYS) 


Figure 5. —Association of len^h of preceding dry 
period with length of calving interval, length of lac¬ 
tation period and butterfat yield during lactation. 


>> I'he lacreaso in the following dry period length as the preceding dry period increased beyond 1 month 
(fig, 5) accounted for 0.00 of the following dry period variance, which corresponds to a gross correlation 
(including licrd dltlorenoes) of about 0.3 ween successive dry periods of the same cow. This Is only 
slightly higher than tlie average gross correlation of 0.26 between any two dry periods of the same cow 
calculated from table i. Since successive dry periods should be more alike tban those separated by a greater 
age difference, one concludes that the increase in dry period length with calving interval renuuning con¬ 
stant following longer preceding dry periods (fig. 5) was due to inherent cow differenoes in dry period length 
or persistency of production, and accounts for the apparent decline in production as the length of preceding 
dry period increases beyond 2 months. 
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length of dry period beyond this point probably increases the persist¬ 
ency, as shown by Sanders, but in figure 5 this tendency is obscured 
by the inherent cow differences in di^ period length. 

No correction factors for previous d^ period variation are presented 
because: (1) The influence of dry period length on subsequent lacta¬ 
tion jdeld was sli^t, even thougn significant (0.03 to 0.04 of the 
variation in lactation records); (2) the association was greater in the 
lower than in the higher producing herds (7) and undoubtedly differed 
for persistent and nonpersistent cows, and for second and later 
lactations, as shown by Sanders (29, SO); and (3) each cow’s records 
would need to be corrected to her own inherent length of dry period. 
However, a rough method of correcting the total lactation record 
simultaneously for variation in both preceding dry period and calving 
interval length was attempted. The age-corrected total lactation 
yield was divided by the munber of days in the total lactation period 
and the dry period preceding it.*® By this method the lactation yield 
is not overcorrected as much for calving interval variation as was 
true in calculating the average daily yidd for the calving interval, 
since the longer calving intervals were accompanied by longer follow¬ 
ing dry periods (table 4, fig. 2), but not by longer preceding dry 
periods (fig. 5). Furthermore, each cow's records tended to be cor¬ 
rected to her own average diy period length, leaving inherent differ¬ 
ences in persistency undiminished. 

Comparison of tables 7 and 3 shows that both the repeatability and 
the between-herd portion of the variation in age-corrected total 
lactation yield were significantly increased by dividing by the period 
between dry dates, whereas no increase in repeatability resulted 
from dividing by the calving interval length (table 5). 'The variation 
between cows was about the same as for the average age-corrected 
yield per calving interval day, for the lifetime average of th^ two 
figures for a cow agree almost exactly. However, the variation be¬ 
tween records of the same cow was significantly less for the age-cor¬ 
rected daUy yield between dry dates than for yield per calving interval 
day, giving the former the greater value in predicting real differences 
between cows in producing ability. 

SEASON OF CALVING 

Of the many investigators who have studied the influence of season 
of calving on production, Sanders (86, SO), Karl Schmidt (S8), Fr. H. 
Schmidt (SI), Marcq and Devuyst (88), Cannon (1), Plum (84), and 
others, all seeni to agree that the unfavorable months for freshening 
are those associated with poorer feed conditions, particularly in the 
early months of the lactation period, and that the time of calving best 
suited to a particular locality depends on the seasonal variation in 
kind and quality of feeds available. In the present study season of 
calving (8 classes of months each) accounted for 0.036 of the 
variance in the 240-day yield for Holsteins, and for a progressively 
smaller proportion of tne variance in 305-day and 365-aay lactation 
records (0.019 and 0.010, respectively). The association with total 

M Since the flret lactation has no preoedlnit dry period as such, the approximate modal dry period length 

da 3 f 8 ) was added to the first lactation length to make its average dally ^eld figure more comparable to 
that of later records. w ^ a—. 
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lactation records was not statistically significant (0,003).*^ Produc¬ 
tion was lowest for cows calving from April to September and highest 
for cows calving from October to March (fig. 6), the difference closely 
resembling that found 
by Plum and by Can¬ 
non in Iowa testing 
association records. 

The smaller relative 
influence on the longer 
kinds of lactation 
records was due to the 
greater total variance 
for longer records, and 
to the barely signifi¬ 
cant tendency shown 
in figure 6 and table 9 
for cows freshening 
from April to Sep¬ 
tember to have the 
longer lactations and 
calving intervals. 

Because of its rela¬ 
tive unimportance and 
the tendency, shown 
by Sanders (30), for 
the records of pei*sis- 
tent cows to be less 
affected than those of 
non persistent cows, no 
correction for season 
of calving was at- 
temi)ted. 

DISCUSSION OF 
RESULTS 

The central objec¬ 
tive of this investiga¬ 
tion was to detennine 
what kind of modified 
production record 
most accurately re¬ 
flects hereditary dif¬ 
ferences in producing 
ability. The data 
studied did not pennit 
a direct determination of the portion of the variation in produc¬ 
tion which was hereditary in the narrowest sense (i. e,, transmitted 
from parent to offspring). Therefore, it was necessary to use a closely 
plated criterion, the portion of the variance in yield associated with 
inherent (i. e., permanent or average lifetime) differences between 
cows in the same herd environment. As Lush and his coworkers 
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Figure 6. —Association of the season of calving with 
calving interval, length of lactation period, length 
of preceding and following dry period, and butter- 
fat yield during lactation. 


See footnote 6. 
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{20y 21) point out, inherent differences between cows include hereditary 
differences which are transmitted, those which may not be transmitted 
(such as effects of dominance and epistasis), and permanent differences 
in environment (i. e., in addition to those which would occur by chance 
alone). 

Table 9. —Percentage of variance in several environmental factors and in different 
kinds of production records associated with various environmental influences ^ 


Peroontafe of variance for indicated 
environmental influences 


Variables affected 


Num¬ 
ber of 
records 


Calvlnn: interval . ... 

Lactation period length.. 

Dry period length... 

First 24flHday butterfat yield... 

First 305-day butterfat yield _ . 

First 365-day butterfat yield... _ 

Total lactation period butterfat yield 
Days milked, during testing year . . 
Testing-year butterfat yield... _ 


1,447 
1,674 
1,447 
1,574 
1,574 
1,574 
1,574 
1,434 
1,434 


Total 
vari¬ 
ance • 

Age 

Preced¬ 
ing dry 
Iieriod 

Season 
of calv- 
Ing 

Calv¬ 
ing in¬ 
terval 
length 

I^acta- 

tion 

length 

5,460 

1.5 

0.6** 

0.7* 



4,002 

1.4* 

2.2 

.6* 

7^4 


24.1 

1.6 

8.0 

.7* 

18.4 


5,306 

21.2 

3.8 

3.6 

1 1** 

3.0 

7,304 

16.0 

3.0 

1 0 

4.8 

11.0 

8,071 

13.4 

8.0 

1.0 

11. 1 

21.7 

11,214 

10 6 

3.3 

.3** 

Zi 6 

35 7 

878 

1.4 

_ 

_ 



7,332 

8.7 


— 

--- -- 1 

i'”» 14.6 


1 See footnote 2, table 1. ^ 

> First lactations were necessarily omitted in studying the influence of pree*Hilng dry period length, so that 
the total variances for variables associated with it differed slightly from those given in this table. 'I'he .same 
applies to variables associated with calving interval length which was unknown for the last lactations of 
some cows. 

5 Days milked. 

For the purpose of determining the relative genetic worth of differ¬ 
ent kinds of production records, the fraction of the within-berd vari¬ 
ance associated with inherent or permanent differences between cows 
(i. e., the average within-herd correlation between records of the same 
cow, or ^'repeatability’^) is nearly as useful as the fraction of the 
within-herd variance due to hereditary differences transmitted from 
parent to offspring would have been, since these* two fractions tiear a 
fairly constant relationship to each other. The quantity included in 
the numerator of the first fraction but not in the numerator of the 
second (the dominance and epistatic variations not transmitted, and 
permanent effects of environment) would be the same for different 
measures of producing ability, unless some discount the relativelv 
small permanent effects of environment more than others. Lush 
and Arnold (20) have estimated that the second fraction (heritability) 
comprises about two-thirds of the first (repeatability) for butterfat 
production records. 

An instance of removal of permanent differences betw(*en coavs 
occurred when the influence of the G percent of within-herd variation 
in calving interval due to cow differences was removed by correction 
to a yearly calving basis. The net gain in heritability from sucli 
correction therefore was greater than indicated by the increase In 
repeatability. 

It has been shown that the effect of an environmental influence on 
production among records of the same cow may not be represented 
truly in the gross association because of (1) the effects of selection on 
the data (e. as in culling with age), (2) hereditary differences in an 
influence which is also an environmental source oi variation among 
records of the same cow (e. g., as in lactation and dry period length), 
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and (3) permanent environmental differences between herds or be¬ 
tween cows in the same herd (e. g», as in length of calving interval). 
In the present study these factors have been taken into account and 
the average association among records of the same cow determined 
by the covariance technique whenever the association was a linear one. 

Adjustment with percentage correction factors assumes that cows 
of different levels of persistency or of producing ability make about 
the same proportional (but not absolute) change in production with 
a given environmental difference. Sanders {26^ 28^ 29, SO) has demon¬ 
strated that persistent and nonperaistent cows do not make the same 
percentage change with age, previous dry period, or season of fresh¬ 
ening, as previously discussed, and that tne effect of dry period differs 
for second and later calvers. In the present data, the age increase 
at different levels of producing ability aid not differ significantly from 
that assumed in using percentage age-correction factors, but the 
increase in production with longer preceding dry periods was greater 
rather than less for cows in the lower producing herds, making the use 
of a single set of factors for dry period length on all records entirely 
unsatisfactory (7). Percentage correction ^tors for calving interval 
variation should be fairly satisfactory, however, ju^ing from Sand¬ 
ers’ (27) (30) finding that the percentage change in total lactation 
yield with service period (calving to conception) differed little for 
persistent and nonpersistent producers or for first and later lactations, 
and from the fact that no consistent differences in the percentage fac¬ 
toids were found between different production levels of herds or of 
cows within herds in the present data. 

Sanders (SO) and Gaines (If) have studied the increase in repeat¬ 
ability of production records with correction for environmental in¬ 
fluences. Sanders found that correction of the total lactation milk 
yield for season, age, dry period, and service period increased the 
within-herd correlation between records of the same cow from 0.52 
to 0.73. In the pn^aent study, correction of the total lactation yield 
for age and calving interval (no correction for dry period and season) 
incr(‘as<‘d the n^peatability from 0.26 to 0.35. Sanders’ corrections 
for dry period and season would have increased the betwcen-cow and 
further reduced the within-cow variance. Overlooking the differ¬ 
ences in level of repeatability in the two studies (discussed later), the 
proportional gain in repeatability with correction for environmental 
influences is similar in both. The failure of correction for age and 
number of daily milkings to increase the repeatability of Holstein 
Herd Improveraent Register 365-day lactation records reported by 
Gaines was probably due to the important cow differences m number 
of daily milkings in his data removed by such corrections. Cow 
differences remaining after the corrections would be more largely 
hereditary than those in the actual records; thus the heritability, or 
value of the records for selection purposes, was imdoubtedly increased 
by the adjustment for age and daily milkings. 

Wliich of the five kinds of production records best measures inherent 
differences in producing ability? It is apparent that the repeatability 
of age-corrected 240-day and 305-day records was just as great as 
for the 366-day and total lactation yields corrected for both age 
and length of calving interval (table 10). The age-corrected testingr 
year record was lower in repeatability than were the age-correct^ 
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240-day, 306-day, and 365-day lactation records, because the associa¬ 
tion between age at calving and lactation yield was much closer than 
between age at the beginning of the year and testing-yep yield 
(table 9) for reasons previously discussed (p. 568). The difference 
which Harris, Lush, and Shultz (18) found in favor of the age-cor¬ 
rected 365-day lactation record (0,34 to 0.31) was duplicated in the 
present study (0.34 to 0.31). Furthermore, Ihe lactation record 
may be susceptible of further improvement in accuracy by proper 
correction for length of preceding dry period and for season of calving, 
while the testing year is not. However, the testing-year record, m 
common with the average daily yield for the calving interval or for 
the period between dry dates, does have the possible advantage of 
reflecting cow differences in regularity of reproduction which the 
lactation records do not. Thus it appears that the age-corrected 
305-day lactation record now in general use is fully as satisfactory 
for the purposes of selecting for producing ability as any of the other 
kinds of records. It also becomes available sooner and entails loss 
work in computation than the age- and calving-interval-corrected 
365-day or total lactation records. 

Table 10 .—Summary of relative genetic worth of various estimates of producing 
ability and of the importance of herd and cow differences in factors influencing 
yield 

ESTIMATES OF PRODUCING ABILITY 


Kind of record 

First 240-day butterfat yield 

First 306-day biilterfal yield .... 

First 3G5-<lay butterfut > ield 

Total lactation period, butterfnt j lold . . _ 


Age-corrected average butterfat yield fior 
calving interval day. 

Age-corrected average butterfat >ield per 
day between dry dates. 

Testing-year, butterfat yield_... 


Calving Interval.days. 

Dry period length.weeks. 

Lactation period length.days. 

Period DiUxed during testing year . .do.. 



V’^ariamt* 

(’orrelation 

between 

Intraherd 

correlation 

lielween 

C’orrection 

lietwwn 

rei*ord.s in 

records of 

records of 

same henl, 

the same 


same cow, 

//» 

cow. 


li ‘ 

■//+r+/f 

C> 

... - . _ 

.. 


r+A' 

/None 3. 

3,012 

0 14 

» 0.23 

Age. 

2, r»83 

. 17 

.34 

None’ 

1. K20 

. 16 

> 2.3 

Age.. . 

3,003 

. 17 

31 

Age, calving interval 

3. m 

. 18 

31 

None’. 

6, 736 

. 14 

i 20 

Age. 

4, «04 

. 14 

.34 

Age, calving interval 

3,040 

. IH 

..35 

None*. 

7,613 

.09 

’.20 

, Age . 

0.8U6 

. 10 

31 

Age, calving interval. 

4,0(H 

. 18 

.3.5 

(Age, lactation length J 

3.050 

. 17 

. 35 

.03226 

20 

.31 


.02010 

.22 

.37 

[None *. 

4,880 

. 19 

».24 


4.4W) 

. to 

.31 

(Age, days milked ... 

1 

3,941 

.10 

.30 

lffectino production 




4,718 

,07 

.07 


17.90 

.10 

.17 


4,077 

.05 

.12 


020.4 

.00 

.06 


1 See footnote 3, table 1 

> Underestimated by about 0.02. See footnote 6, table 1. 

* Except for number of milkings per day to a two-time basis. 
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Since the. age-corrected 240-day yield is no less repeatable than 
the 305-day or 3C>r>-day yields in these data, one wonders whether a 
still shorter partial lactation might not do as well. Gaines {12) has 
shown that the average correlation between two successive actual 
fat records of the same cow in Guernsey Advanced Remster records 
from many herds increases steadily from 0.51 for the first 2-month 
partial lactation to 0.68 for 365-day lactation yield. However, even 
though the first 2-month yield was iust os repeatable as the 10-month 
yield, the latter would be preferable because it is more highly corre¬ 
lated with the goal of selection—high average lifetime production. 
The first 2-month yield measures only the maximum jjroductive 
capacity; the 10-month yield measures the degree of persistency as 
well as maximum producing ability. 

Now the question arises, what is the actual repeatability or pre¬ 
dictive value of the best estimate of producing ability within the 
individual breeder's herd? In comparing the estimates of the within- 
iierd repeatability found in various studies the effect of the number 
of records per cow on the estimate of repeatability must be con¬ 
sidered. One would expect the environmental variation between 
successive records of a cow to be hiss than between records separated 
by a number of yearn during which greater changes in age, manage¬ 
ment conditions, disease, etc., may influence her production, as 
shown by Berry and Lush {2). Also, Seath's results (SS) indicate 
that inherent differences bctivecn cows are likely to be smaller in a 
population of cows from which those culled before completing their 
fifth lactation have been eliminated than in a population which 
includes all cow’s wuth two or more records. Furthermore, time 
trends and yearly variations in management conditions are more 
likely to cause “permanent'^ environmental differences in production 
between cow's having only 2 records each than among cows having 
5 to 10 records each. 

In Gowen's {16) Holstein Advanced Register data, 0,33 of the 
variation was duo to herd differences. Thus his correlation between 
two successive records of the same cow would become 0.51 when 
calculated on a within-herd basis, as in the present study. Assuming 
the same herd variation, his repeatability figure for Guernsey (16^ 
milk yield would become 0.55 and for Jersey {17) milk yield between 
0.4 and 0.6, both of which are similar to his estimate of 0.54 from a 
single Jersey herd (f5). 

In studies of Harris, Lush, and Shultz {18) and Plum { 24 ) all cows 
with two or more records were used, herds tested for 3 or more years 
being included. Gowen's various estimates of the within-herd repeat¬ 
ability of 0.5 or thereabouts were higher than Plum's estimate of 
0.4 because only successive records of a cow were used, and perhaps 
also because of greater differences in environment affecting individual 
cows in Advanced Register testing (in number of daily milkings, 
especially). Sanders' estimate {SO) of 0.7 is still higher than Gowen's, 
because in addition to using only two successive lecords of a cow he 
adjusted for variation in dry period and season os well as for age and 
calving interval differences. The lower repeatability of age- and 
calving interval-corrected lactation yield in the present study (0.35) 
is apparently due to the more select group offcows taken from^each 
herd (only those with five or more records) and to smaller permanent 
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environmental differences between cow means (thi*ee and four daily 
milking records were corrected to a two-milking basis here, while 
Plum's were not), since the between-cow variance in age-corrected 
240-day yield was smaller (1,369) than in Plum's data (1,707), while 
the withm-cow variances were similar (2,683 as compared to 2,554). 
Gaines and Palfr^'s estimate {14) (0.5 for cows with 10+ lactations) 
includes herd differences and would probably be around 0.3 on a 
within-herd basis, bemg about as mucn lower than PluTi's as in the 
present study and for similar reasons. Permanent environmental 
differences between cows (from year-to-year variation in herd environ¬ 
ment) probably account for less of the repeatability in Gaines and 
Palfrey's and in the present study than in any of the others, including 
Sanders'. The repeatability of 0.33 obtained by Harris, Lush, and 
Shultz for ago-corrected 365-day lactation fat yield is lower than 
Plum's estimate of 0.40, probably because Plum used age-corrcction 
factors carefully calculated from his own data, while the former used 
the old 70-, 80-, and 90-percent factors for 2-, 3-, and 4-year-old 
records. Plum’s estimate of 0.4 is the one which is most ncarl}- typical 
of the average within-herd repeatability of age-corrected 240-day or 
305-day lactation records in breedei*s, herds where all cows are pro¬ 
duction-tested every year, and some are milked three times daily. 
Adjustment for frequency of milking would lower this repeatability 
figure dightly. 

No satisfactory method has been devised for determining what 
part of the differences between herd averages is due to hereditary 
differences between the cows. Plum { 24 ) has shown that herd differ¬ 
ences in feeding practice are associated with at least one-third of herd 
differences in age-corrected 240-day lactation yield, and has estimated 
that all environmental herd differences probably account for over 
half of the herd variation in yield, leaving somewhere near two-fifths 
to be explained by hereditary differences (including effects of domi¬ 
nance and epistasis) between the cows in different herds. Harris, 
Lush, and Shultz {18) are in agreement with Plum in his conclusion 
that herd differences account for about one-third of the total variation 
in age-corrected yield. In the present study, only one-fifth to one- 
sixth of the total variation in age- and length-corrected lactation 
butterfat yield was accounted for by difference's betw^een herd averages 
(table 10). A comparison of the analysis of variance in age-corrected 
240-day lactation yield for Plum's and the present study reveals that 
the variance between herds is less than half as great in the present 
study (815 as compared to 2,199), while the variance among records 
of the same cow is quite similar (2,683 as compared to 2,553) in the 
two studies. 

Two facts account for the smaller differences between herds in this 
study. (1) Selecting only herds tested for at least 5 consecutive years 
automaticallv eliminated many of the lower-producing herds. The 
average production in the herds used was at least 50 pounds of fat 
above the mean for all tested herds. This in itself reduced the varia¬ 
tion between herd means in these data below that foimd in the data 
of Harris, Lush, and Shultz, and Plum, which included herds tested for 
only 3 years. (2) Records during which a cow was milked three or 
four times dail^ were adjusted to a twice-a-day milking basis in this 
study but not m the other two studies. Since there was considerable 
uniformity in the number of daily milkings practiced within each 
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herd, correction to a two-daily-milking basis reduced the herd differ¬ 
ences due to management practices. The extent to which the smaller 
herd variation in this study was more largely hereditary in ori^ than 
that found by Harris, Lusn, and Shultz, ana by Plum, dcpencfa on the 
degree to which environmental differences between herds were mini¬ 
mized more than was hereditary variation by using only herds which 
had been tested for a long time and by correcting all records to a two- 
daUy-milking basis. 

To the skillful breeder, production records are considerably more 
useful in comparing animals than these studies would indicate, since 
he knows and can make more accurate allowance for the influence of 
changes in age, feeding, and other environmental fluctuations than can 
possibly be incorporated in corrections applied to all herds alike. 
This means that the careful breeder will make fewer mistakes in his 
selections of breeding stock within liis own herd or in herds with 
which he has constant contact than in selecting animals from outside 
herds. As Ben*y and Lush {2) point out, the large amount of imex- 
plained variation between records of the same cow means that the 
lifetime average production will always be more useful than single 
records in comparing the inherent producing ability of different cx>ws, 
and that the herd average and the number of records each cow has 
should be considered in comparing animals. 

SUMMARY 

Lifetime butterfat production records of 274 Holsteins from 41 
herds were studied to determine what adjustments for environmental 
influences are advisable and the relative usefulness of five kinds of 
adjusted records (240-day, 305-day, 365-day total lactation, and 
testing-year) in selecting mr producing ability. The average within- 
herd correlation between records of the same cow (repeatability) was 
the criterion used in evaluating adjustments and comparing kinds of 
records, since it measures the degree of accuracy with wliich records 
of different cows indicate real dSferences in their relative producing 
ability. Con'ection factors for influences linearly associated with 
production were based on the average association among records of 
the same cow determined by the covariance teclinique. The analysis 
of variance was used to determine the relative importance of each 
environmental influence as a source of variation in production and in 
other environmental influences (summarized in table 9), and the re¬ 
peatability and between-herd portion of the variation in the various 
kinds of actual and adjusted records and factors influencing production 
(summarized in table 10). ' 

A significant increase in repeatability of all five kinds of records 
resulted from age-correction with percentage factors based on the 
essentially linear association of production with ages up to 5 years. 
The increase was greater for 240-day or 305-day lactation (one-third) 
than for testing-year records (one-fifth), chiefly because age at the 
beginning of the testing year was less closely associated with the age 
change in production (which occurs duri^ the early part of the lacta¬ 
tion period) than was age at calving. The increase w^ smaller for 
365-clay and total lactation records (one-fifth and one-ninth) localise 
of the greater variation from other sources in the longer kinds of 
lactation records. 
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Correction for calving interval to a 365-day basis, with factors based 
on its linear association v^ith production, increased the repeatabUity 
of total lactation (and probably the heritability of 365-day) record 
significantly, in spite of removing permanent (hereditary and environ¬ 
mental) cow differences in calving interval length. The same increase 
in repeatability was secured by an indirect method of correcting for 
calving intervm from the lactation length of each record. Dividing 
the ^e-corrected total lactation record by the number of days between 
calvings greatly overcorrected for the influence of calving interval 
among records of the same cow and did not increase the repeatabil¬ 
ity; however, dividing by the number of days in the lactation period 
and preceding dry period tended to adjust each cow’s records to her 
own average preceding dry period length and more satisfactorily cor¬ 
rected for variation in the interval between calvings, increasing the. 
repeatability significantly. 

There were important differences between cows in the same herd 
in inherent dry period length (wliich reflects persistency), and hence 
in lactation length and days milked during the testing ^ear, which 
made adjustment of production records for only the environmental 
variation in these influences difficult or impractical. The cows with 
the shorter mean lactation lengths were much lower producers and 
had much longer dry periods than would have been expected from the 
average association among records of the same cow. The same was 
true of the cows milked fewer days during the testing year on the 
average. Lactation length could be used only indirectly to predict 
the cdving-interval length for which adjustment was made. Adjust¬ 
ment of the age-corrected testing-year record for days milked with 
factors based on the linear within-cow regression did not change the 
repeatability. No percentage factors for adjusting for preceding dry 
period length were used, sin<!e its influence varied inversely with the 
herd production level. 

Season of calving was a relatively unimportant source of variation 
in production and no correction factors are presented. The effects of 
feeding were not studied. The values found for the between-herd 
portion of the variance (one-fifth to one-sixth) and the repeatability 
(one-third) of age and length-corrected records are lower than would 
be foimd among records of all cows in production-tested herds because 
only cows with records for at least their first five lactations from herds 
with three or more such cows were selected for this study. 

The age-corrected 240-day and 305-day lactation records were equal 
to the ago- and calving-interval-corrected 365-day and total lactation 
records and superior to the age-corrected testing-year record in repeat¬ 
ability; the portion of the variance due to herd differences was ictenti- 
cal for these five kinds of records; and the average age-corrected daily 
yield between dry dates was at least equal to any of these five esti¬ 
mates of producing ability in both respects. The age-corrected 305- 
day record is probably the most satisfactoiy for selection purposes, 
since it becomes available sooner and is easier to compute than any 
of the other kinds of records except the age-corrected 240-day record, 
which is less desirable than the 305-day record because it is not as 
closely correlated with average lifetime production—the ideal measure 
of penormance. 
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EARLY RECOGNITION OF THE FREEMARTIN CONDITION 
IN HEIFERS TWINBORN WITH BULLS* 


W. W. SwsTT, senior dairy husbandman, C. A. Matthews, tusistant dairy ktis~ 
bandman, and R. R. Graves, chief. Division of Dairy C<dUe Breeding, Feeding, 
and Management Investigations, Bureau of Dairy Industry, United Stales Depart¬ 
ment of Agriculture • 

INTRODUCTION 

A freemartin, according to definition by Webster, is a sexually 
imperfect, usually sterile, female calf, twinbom with a male. Dairy- 
cattle-breed associations refuse to raster a female twinbom with a 
bull until after she has freshened. 'Ae possibility that such individ¬ 
uals will be capable of reproduction is so slight that many breeders 
destroy thern soon after birth. However, breeders of ^h-producing 
herds, in which heifer calves are valuable, are often wilUng to spend 
t he time and expense to raise such individuals to breeding age in the 
liope that they will pnive to be sexually normal. 

A number of cases of twin births involving both sexes have occurred 
in the dairy herd of the Bureau of Dairy Industry at Beltsville, Md. 
The results of studies of the females or these mixed twins are pre¬ 
sented herein to provide additional knowledge about the nature^ of 
the abnormalities found in freemartins, with the hope of furnishing 
criteria that will aid in determining at an early age, whether the 
female of mixed twins is a freemartin or is normal. 


REVIEW OF LITERATURE 


The freemartin has been known to cattle breeders since before the 
establishment of the Roman Empire. The sterile cow bom twin 
with a bull was referred to by Varro, a writer who died in 28 B. C. 
It was called “taura,” which apparently meant “barren cow.” Al¬ 
though the condition has been recognized for some 2,000 years the 
origin of the term “freemartin” is obscure. According to one author¬ 
ity the word “free” meant “willing” or “ready to go,” as the free- 
inartin w'as supposed to be an especially willing worker. It has been 
proposed also that the word “free” was used to signify exemption 
from reproduction (sterile). Another authority saw in the term a 
contraction of the words “ferry,” “ferow,” or “farrow,” which appear 
to be associated with the Flemish “varvekoe”—a cow that gives no 
milk—and with the West Flemish “varwekoe”—a cow that has 
ceased to be capable of producing offspring. It is not difficult to 
imagine an association between the two words “free” and “fa^w.” 

There is probably gieater speculation about the word “martin.” It 
may have been derived from the Irish and GaeUc “mart” meaning 
heifer or cow. Efforts have been made to trace it to St. Martin 
who, according to legend, once cast the devil from a cow. Moreover, 
St. Martin is said to have been the patron saint of twins and unusual 
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fecundity. Another explanation offered is that ou or near November 
11, which was called Martinmas day in Scotland and England, it was 
customary to slaughter cattle the meat of which was salted for winter 
use and called martinmas-beof. An early English dictionary referred 
to martin as “not a true heifer, but an undeveloped male with many 
of the characteristics of the ox, and generally fattened and killed 
about Martinmas.” It has been suggested further that the freemar- 
tin may have been given that designation because its meat was so 
choice that it was reserved for St. Martinis—a great feast day. More¬ 
over the words “mart,” “maert,” “mert,” and “mairt” appear to 
have been used in Scotland and parts of England in referring to the 
cow or ox fattened for slaughter and salted or smoked for winter use. 
Hart {S2) ® showed that it is not difficult in view of these facts, to 
imagine such an individual being referred to as the “farrow-mart-one,” 
or in Scotland as the “farrow-mart-yin,” either of which might hav(* 
been corrupted or shortened into “freemartin.” 

Despite the general knowledge of the existence of the freemartin 
condition in cattle and the various notions concerning it that had 
prevailed through the centuries, Hunter {S7) appears to have been the 
first (1779) to place detailed anatomical descriptions of the freemartin 
on record, and many of the articles published on the subject during 
the last 150 years have made specific reference to John Hunter's 
freemartin as a basis for comparison. Most of the early publications 
were limited chiefly to descriptions of its appearance, sexual behavior, 
and morphology. In recent years, however, its occurrence has 
attracted the interest of biologists, embryologists, and geneticists. 

Most writers on the subject have held to the theory that the 
freemartin, which resembles the female more than the male externally, 
is a modified female. Some have appeared to be uncertain as to its 
genetic origin, and others have contended that it is a modified male. 
It is not surprising that opinions should differ on this point because 
some freemartins having the external appearance of females have 
been found to be almost devoid of internal genitalia, whereas others 
of similar external appearance have been found on dissection to possess 
essentially all of the male genitalia in modified form. 

Another question having an important bearing on the matter of 
genetic origin is whether the individuals in multiple births involving 
freemartins develop from the same ovum or from separate ova. If 
both originate from 1 ovum, the freemartin presumably must bo a 
modified male as identical twins are always of the same sex. Hart 
(55) and Cole (5) contended that the freemartin and its twin result 
from a division of the male zygote. Gow^en {22y 23) on the other 
hand, concluded that identical tw’ins do not occur in cattle. However, 
Kisslowsky (4;?), Kronacher and Sanders (45), Kronacher and Hogreve 
(44), Kronacher (43), Lush (52, 53), and Jewell (55) have offered 
fairly convincing evidence that identical twins may occur in cattle. 
Lillie (47), in his studies of twin embryos in a packing house, proved 
almost beyond question that when a single fetus occurs only 1 corpus 
luteum is present and that almost invariably when twin fetuses occur 
2 corpora lutea are present as evidence of the liberation of 2 ova—1 
from each ovary—^regardless of the sex of the fetuses. Lillie (50) 
showed that in 127 cases of twinning whore the maternal ovaries 

* Italic numbers in parentheses refer to Literature Cited, p. 620. 
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were available for examinationi 126 showed 2 corpora lutea, and that 
in every case involving two-sexed twins 2 ova had been concerned. 
Most of those who claim the existence of identical twins in cattle 
admit their rarity. Evidently monozygotic twinning in cattle is the 
exception rather than the rule.^ 

:« *• r r f’r HfiXPLANATION OF FREEMARTINISM m 

Lillie (4^, 4?', examined a l^ge number of twin 

fetuses in a packing house, offered a theory explaining the occurrence 
of the freemartin in cattle which has been rather widely accepted. 
More than 96 percent of the bovine twins he examined were mono- 
chorial (inclosed in a common placenta); the two fetuses usually had 
developed in such a way that the blood vessels of the two circulations 
were joined and a constant interchange of blood had taken place 
between the two developing fetuses. If both fetuses were male or 
both were female neither was detrimentally affected by this common 
circulation, but if one was male and the other female a sterilization 
of the female took place. In some such cases the development of 
the female reproductive organs was suppressed, and in extreme cases 
certain male organs developed in the twin that was originallv female, 
lie explained the occasional occurrence of fertility in the female of 
mixed twins on the theory that, even though monochorial, the vas¬ 
cular systems of the two fetuses do not necessariljr become joined. 

Although Lillie is usually credited with having performed the 
original research work leading to the conclusions outlined, he {49) 
gave credit to Tandler and Keller {6S) for having anticipated certain 
of his observations. Tandler and Keller found that twin cattle fetuses 
were inclosed in a common chorion and usually had a joint circulatory 
system resulting in typical freemartin genital organs in the female 
if the twins were originally of opposite sex. Neverwieless, for purposes 
of brevity the foregoing explanation of the cause of the freemartin 
will be referred to in the following discussion as Lillie’s theory. 

The liistological studies of Lillie’s specimens by Chapin {4) showed 
that the interstitial celts of the testis, tne secretion of which supposedly 
determines the development of secondary sexual characters, are 
produced earlier in fetal life than the corresponding cells of the ovary. 
Thus, in the case of vascular fusion in mixed twins the sex hormones 
of the male fetus pass into the circulation of the female embryo early 
enough to interfere with the development of the mechanism control¬ 
ling icmiale secondary sexual characters, and the sex organs of the 
female, which are in an indifferent stage, develop toward the male 
condition. Chapin attributed the great variation in the degree of 
alteration or reversal in the reproductory organs of the freemartin 
to differences in the stage at which the interstitial secretions of the 
male are introduced into the female embryo, and to the amounts 
introduced. 

Buyse (5) attributed the extreme modification ho found in a 2)^- 
yoar-old Brown Swks freemartin to the fact that it was one of triplets 
of which the other two wore malei?. However, Pearl (55) showed that 
one male of triplets was capable of sterilizing two females. Similar 
results were shown by Bissonnette {2), Hutt {S8) cited a case of 
bovine quadruplets in which one male apparently modified three 
females and caused them to become freemartins. Lillie (51) and 
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Bissonnette concluded that the amount of hormone does not 
determine the degree of sex modification but that it is an “all-or-none'' 
reaction as far as freemartin formation is concerned. The extremely 
small quantity of the hormone required to transform the female into 
a freemartin is particularly noteworthy. Lillie (51) showed that in 
one case a male fetus weighing less than 4 gm. had produced male 
hormones sufficient to bring about a practical inversion of the ovary 
in the female twin. 

NUMBER OP FREEMARTINS STUDIED AND METHODS EMPLOYED 

Reports of the occurrence of the freemartin condition in cattle are 
too numerous to discuss in detail. Much of the work has been 
carried on with embryos obtained at slaughterhouses. Other studies 
have been based on living animals ranging up to several years of age. 
Many of the reports on record have been based on the study of a 
small number of individuals. Most of the cases were associated with 
twins but at least 2 reports involved triplets, and 1 report described 
freemartinism in connection with the birth of quadruplets. Mag- 
nusson (54) examined 66 freemartins, most of which were 2 to 3 years 
of age, and described 11 of them in detail. Lillie (51) gave some idea 
of the large number observed in crediting Keller and Tandler with 
91, Lillie with 39, Numan with 8, and Luer with 113. These studies 
have shown a very marked variation in degree of sex modification. 

FREEMARTINISM IN OTHER SPECIES OF ANIMALS 

Sex intergrades are known to occur in many species of mammals. 
Numerous cases of intersexuality closely simulating freemartinism 
have been found in the goat. Davies (/7) <lescribed a number of 
cases of what he called caprine freemartins. These animals generally 
have a tendency to be female (sometimes even being effeminate 
looking early in life) but become strongly masculine in Jippearanee 
toward the end of the second year. According to Davies ilH'- abnor¬ 
mality is believed to occur in at least 2 percent of goats and appears 
more frequently in some breeds than in others. Tie stated that 
apparently 2 intersexual kids never occur at the same birth, and indi¬ 
cated that in goats the condition may be found (1) in single births, 
(2) as twin to a normal male, (3) as twin to a normal female, (4) as 

1 of triplets with normal male and female, and (5) as 1 of triplets with 

2 normal males. One case examined in detail by Davies was described 
as exactly similar to the condition described by John Hunter in 
freemartins in cattle.” Rickards and Jones (58) also described twin 
goats that appeared to be typical females at birth, in which the 
anatomical structure later became strongly masculine although the 
mammary development appeared to be normal for the female. A 
study of 25 similar cases m goats was reported by Crew (7), ivhose 
description was nearly the same as that of Davies and of Rickards 
and Jones. 

Apparently the occurrence of sex intergrades is less frequent in 
sheep than in cattle or goats. Strebel (61) gave figures which indicate 
that sterility is almost as likely to occur in the ewes of like tmns as in 
ewes twinned with males, and by no means as likelv to occur in sheep 
as in cattle when the twins are of opposite sex. i'raser-Roberts and 
Greenwood (19) reported in detail on a ewe lamb with testicles, which 
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they considered to be similar to the freemartin. Himter (S7) referred 
to the frequency of sex intergrades in sheep and descril^d them in. 
some detail. IsTuman, accordmg to Hart (32) described intersexuals 
in both goats and sheep. Lillie (60) referred to the frequency of 
chorionic fusion and the infrequency of vascular fusion.* Fincher and 
Williams (18) stated that the chorionic fusion without vascular fusion 
is the rule in both sheep and goats, and that sometimes vascular 
anastomosis occurs and occasional asexual young are recorded. 
Williams (64) referred to the citation of one case of limited vascular 
anastomosis in the ewe. Crew (7) reported a case which he stated 
was very similar to 34 other cases in the goat, the pig, the horse, and 
in cattle. Gurlt, according to Hart (32) ^ concluded that intersexuals 
in both goats and sheep are analogous to the freemartin. 

Hunter (57) indicated that intersexuality in the horse is very 
frequent. He described one case in which the testicles had descended 
ancf appeared like an udder. According to Hart (32), equine herma¬ 
phroditism was reported by Gohier, and by Wotton in 1841, and also 
by Sebald. Crew (7) mentioned two cases of intersexuality in the 
horse very similar to the intersexual individuals found in the goat, 
the pig, cattle, and sheep. 

Sex intergrades appear to be fairly common in swine. Kingsbury 
(41) described in detail a case in a pig 9 months of age. lillie (60) 
stated that in swine the fetal membranes often fuse but that vascular 
anastomosis occurs only exceedingly rarely. Hughes (36), however, 
reported extensive studies of 400 pig uteri of which 4 showed fusion 
of fetal membranes and vascular intercommunication with abnor¬ 
malities in the sex equipment of one or the other component twin. 
Three of the <*ases were heterosexual. In the fourth both were males. 
She stated that females of the heterosexual pairs would undoubtedly 
have developed into typical sterile freemartins such as occur in cattle. 
Gohrs (5) observed a number of cases of different types of embryonic 
fusion and different degrees of vascular anastomosis. Fincher and 
Williams (IS) described a six-fetus chorion in which 4 were males 
and 2 were ])erfect females, Abimdant vascular anastomoses between 
the (» fetuses of mixed sex had failed completely to injure or delay 
the physiological d(»velopment of the reproductive system of the 
h'males. Grew (7) indicated a close similarity between the inter- 
s(»xuals of swine and those of hoi*scs. cattle, sheep, and goats, but 
later (5, 10) appeared to be uncertain as to the analogy between 
freemartinism in cattle and the intersexual condition found in other 
species. 

Sex intergrades have been observed in still other species. Hunter 
(57) described one in the ass, Crew (9) one in the camel, and Hart¬ 
man (34) and Hartman and League (55) one in the opossum. Many 
other cases of sex reversal and sex modification have been reported, 
several of wdiieh were in connection with studies in poultry. 

The wide divergence of opinion with regard to the analogy between 
freemartinism in cattle ana intersexuality in other species has been 
pointed out. Some investigators have sliown placental and vascular 
anastomosis combined with anatomical abnormalities in a number 
of different species that appeared to be similar to those in cattle, and 
claim they are practically identical. Others, like Lush (62), state 
that the freemartin ‘‘does not appear to exist, or at least is rare among 
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twins in horses, sheep, goats, and other mammals.” It seems jirobable 
that, if typical freemartinism does occur in other mammals it is the 
exception rather than the rule, whereas in cattle it is the rule when 
twins of both sexes are born. 

HERMAPHRODITISM IN THE HUMAN 

The observation of freemartinism in cattle naturally led to legendary 
beliefs with regard to its occurrence in humans. Some degree of 
hermaphroditism supposedly occurs about once in 1,000 humans. 
Many causes appear to exist. Young (66) who made an exhaustive 
study of the manifestations and causes of genital abnormalities in 
humans indicated that the condition is not associated with twinning 
and that it is not analogous to the freemartin condition in cattle. 
Simpson (59) found that in 113 cases of human mixed twins 103 of 
the women had families. When he included several cases of triplets 
and 1 of quadruplets the total number of women was increased to 123, 
of whom only 11 failed to have offspring. This ratio of unproductive 
individuals was slightly less than the ratio found in his study of 1,252 
marriages, of which 146 were without offspring. He found also that 
the number of offspring was as great for women born twin with males 
as for women born singly. It is extremely doubtful if the human sex 
intergrade is analogous to the bovine freemartin, as it appears that no 
authentic case has ever been found. 

EXPERIMENTALLY PRODUCED SEX INTERGRADES 

Strong experimental evidence supporting Lillie’s theory that free¬ 
martinism is caused by the influence of male hormones, has been 
presented recently by Greene and Ivy (28) and by Greene, Burrill, 
and Ivy (24, 26) who showed that testosterone or testosterone pro¬ 
pionate (male sex hormones) when injected into pregnant rats 
resulted in a high frequency of abnormal females in the offspring, the 
abnonnalities closely resembling those of the bovine freemartin. The 
degree of modification appeared to depend on the stage of pregnancy 
when injected and on the quantity of hormone administered. These 
authors appear to believe the condition developed is analogous to 
freemartinism. Raynaud (56), Hamilton and Gardner (SO), and 
Hamilton and Wolfe (SI) largely confirmed thc.se result^ with mice 
and with rats. Dantchakoff (12, 13, 14* 1^) obtained similar 

results with guinea pigs, and showed that the hormone from the adult 
testicle is identical with that causing the freemartin in cattle. Greene, 
Burrill, and Ivy (27) have shown also that injections of female sex 
hormones into pregnant rats are capable of producing feminized males. 
The same authors (25) have found that the male sex hormone will 
cause masculinization when injected into the newborn rat, and Ray¬ 
naud and Lacassagne (57) have shown that sex modification results 
in the mouse from the injection of either male or female hormones 
in the newborn or the adult. 

MAMMARY DEVELOPMENT, ENDOCRINE ABNORMALITIES, AND OTHER 
CHARACTERISTICS OP THE FREEMARTIN 

The depth of specific references concerning mammary^land 
structure in freemartins has been particularly noticeable. Those 
found have been of a very general nature, itunter (S7) described 
a 5-year-old freemartin in which ^There were four teats, the glandular 
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part of the udder was but small/' and a 3-to-4-year-old freemartin 
m which the teats and udder were small compared with those of a 
heifer. Scarpa in 1784, according to Ballantyne (i) stated that the 
freemartin resembled a bull but that under the abdomen were mam¬ 
mary glands and teats. Numan in 1829, according to Hart {S2) 
described a case in which there was no trace of an udder, the skin in 
that r^on was lax and pendent like a sac, and the teats were of the 
same size as those of a bull. Lillie (47) stated that the mammary 
gland is almost invariably of the female type. Crew {10) described 
the mammary development of the freemartin as similar to that of the 
immature female and quoted Hartman and League (S5) as crediting 
the freemartin with having an udder. Bissonnette {2) described the 
udder rudiments (in bovine fetuses) as apparently normal for females 
of such kind and size. Galli {20) spoke of mammary glands as often 
absent. Buyse (5) stated that no udder was present and the teats 
were no longer than those found ordinarily in normal bulls. Davies 
{17) referred to the teats of an intersex goat as rudimentary; Rickards 
and Jones {58) described a goat in which the nipples and mammary 
glands were normal, and its twin in which a scrotal pouch under the 
site of the mammary gland produced an elevation of the udder making 
it appear well-developed and normal. Hunter {37) mentioned a 
similar condition observed in an interscx horse. Curson {11) seems 
to have been the only one to go so far as to illustrate the extenial view 
of the excised udders of two freemartins. No detailed descriptions of 
the mammary-gland structure in the freemartin have been found. 

Still less information is found regarding the endocrine glands in 
the freemartin. Young {66) and Glynn {21) found some associations 
between endocrine dysfunction and sex malformations in the human. 
Davies {17) stated that the adrenals and thyroid of an intersex goat 
were undisturbed; Hart {S3) found that the thyroid, thymus, and 
suprarenals of a freemartin were normal; and Crew (7) found no endo¬ 
crine disturbance in well-grown intersexual animals, except in the 
sex glands. 

References to the body form of freemartins are few in number. 
Keller ( 40 ) showed that freemartins were taller in relation to length 
than normal heifers, resembling spayed heifers in this respect; that 
the increased height was due almost entirely to lengthening of the 
long bones, chiefly the metacarpus; and that freemartins showed 
prominent withers* resulting from elongation of the spinous processes 
of the vertebrae, a greater horn development, and peculiarities in 

f )elvic form. Numan in 1829, according to Hart (32), described a 
reemartin as resembling an ox in conformation with long, narrow 
head and long, wide h<^ms. He also said that it had a large, broad, 
high body, with small bones, and stood high on its limbs. Ballantyne 
(1) referred to a letter in which a farmer expressed existing ideas by 
describing a certain woman as *^just like a freemartin, and had no 
hips at all." Fincher and Williams (IS) referred to a freemartin 
that was slow in developing, and that attained only 70 percent normal 
size after 1 year. 

The enlaiged clitoris has often been mentioned in connection 
with the freemartin. Williams (65) showcil that, whereas both the 
female and the male in cattle assume a characteristic pose when 
urinating, the neuter assumes no such pose beyond the elevation of 
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the tail. Hunter (S7) described the bellow of the freemartin as 
similar to that of the ox, and not at all like that of the bull.^ Davies 
{17) stated that the caprine freemartin assumed a male position when 
standing, but that the shape of the head and body resembled the 
female. Other observers of intersex goats have commented on 
their habits and the fact that their appearance became increasingly 
masculine with advance in age. Fincher and Williams {18) failed to 
find typical escutcheons in the bovine asexuals studied and suggested 
that deviations in the escutcheon may signify teratological aberra¬ 
tions in the internal female genitalia. 

PROPORTION OF NORMAL BREEDERS AMONG THE FEMALES OF MIXED 
TWINS IN CATTLE 

Although it has long been recognized that occasionally a female 
bom twin with a bull is normal sexually and therefore is not a free¬ 
martin, data are exceedingly fragmentary with regard to the fre- 

S uency with which such normal cases occur. Strebel {61) reported 
nding 1 normal female among 8 females twinborn with bulls, in¬ 
dicating that 12.5 percent were normal. It is noteworthy that this 
fertile female gave birth to a sterile heifer. Williams (^5) indicated 
that the frequency of normal cases is approximately 1 in 7; Spencer 
{60) referred to 11 cases of which none was capable of reproduction; 
and Lillie {51) summarized his own data and those of others as follows: 


Source of data: 

Keller and Tandler (fi normals in 91)...- .1:15.2 

Lillie (6 normals in 39).. 1:6.5 

Luer (0 normals in 113)..... 1:18w8 

Numan..-.. 1:8.0 


The average of the 4 ratios is 1:12.1 meaning that a normal female 
might be expected once in about 12 times. For the 243 cases in the 
first 3 groups the ratio is 1:13.5 which means that 7.4 percent of the 
females bom twin with bull calves were normal sexually. It is note¬ 
worthy that Lillie's data, which show an exceptionally liigh ratio 
of nomial to abnormal females, were based on histological studies 
of embryos and that none ever had an opportunity to prove its 
ability to become a normal breeder. 

PLAN OF STUDY AND PROCEDURE FOLLOWED 

In connection with a continuous study at Beltsville, Md,, of the 
relation of the conformation and anatomy of the dairy cow to her 
producing capacity, the authors have made a detailed analysis of the 
growth, conformation, anatomy, and mammary structure of the 
viable females that were born twin to bulls in the Bureau's herd. 
These female twins were slaughtered at different ages in order to pro¬ 
vide a basis for comparing them, at different stages of development, 
with females that were born singly and that presumably were essen¬ 
tially normal in conformation, anatomy, and sexual development. 

The data obtained on growth and conformation consist of the live 
weight and a large number of body measurements for each animal. 
The anatomical data include weights and/or measurements of nearly 
all the internal organs of the body—including endocrine glands, and 
measurements of the thoracic cavity. 

Consideration was given to abnormalities in both the external and 
internal genitalia. Studies of the udder included comparisons of the 
degree of mammary-gland development in individual animals at 
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different ages, and of the structure of the mammary tissue at the time 
of slaughter. 

In view of the large number of freemartins that have been described 
in detail since the notable work of Hunter {37), a complete case history 
of all the cases on which this study is based is not justifiable. In 
general the cases studied have followed closely the pattern of those 
described by others. Wide variations in degree of sex modification 
have been found. The individual animals have had the external 
genitalia of the female—with slight modifications in some cases—and 
the physical appearance of females. The internal genitalia have in 
most cases been vestigial and in some cases what appeared to be male 
gonads were present. In one case one testicle was found at a point close 
to tlie usual location of the ovary and one descended and lodged on 
the upper surface of the udder (pi. 1, .4, /#). So far as the genitalia 
are concerned every case observed seems to have fallen within the 
limits of modification reported by others. In this report no attempt is 
made to show the genital abnormalities of all the freemartins studied. 
A single comparison of the internal genitals of freemartin No. 1006 
at 18 months 2 days of age (pi. 1 A, B,) with those of a normal heifer 
at 16 months of age (pi. 2) will suffice to show the extent to which a 
freemartin was found to depart from tlie normal. The chief purpose 
of this report is to furnish additional data on certain characteristics of 
the freemartin that have been discussed by others, and to present 
results on other points that other investigators have treated lightly 
or not at all. 

ANIMAl^ STUDIED 

Seventeen females born twin with bull calves were studied. Seven 
were Jerseys, eight were Holstein-Friosians and two were grade 
Holsteins. Six were slaughtered at approximatelv 18 months of age, 
one was slaughtered at 15 months, two at 12 months, one at 9 months, 
one at 6 months, two at 3 months, and two at 2 montlis. The other 
two died at less than 1 month of age. 

Table 1 lists the animals studied and shows the breed, the age at 
death or slaughter, and the herd number and reproduction record of 
the dam. 

TWIN-PRODUCING TENDENCIES IN INDIVIDUAL COWS 

There is much in the literature to indicate that, in species that 
ordinarily bear 1 offspring at each parturition, the tendency to 
produce twins may be inlierited. In this connection some observa^ 
tions with regard to the data in table 1 are noteworthy. Cow No. 667 
was herself born twin with a female, and in 8 calvings gave birth to 
twins of unlike sex 3 different times. One of her female calves bom 
twin with a bull was aborted; the other 2 appear among the free¬ 
martins listed (Nos. 1421 and 1485). Cow No. 289 gave birth to 
twins at 3 different parturitions; at the fourth calving she dropped twin 
heifers, and at the sixth and seventh calvings twins of unlike sex 
were bom, the females being listed os Nos. 1200 and 1229. More¬ 
over, the autopsy of No. 289 mowed that she was carrying twin female 
fetuses, making her fourth set of twins, 3 of which occurred at succes¬ 
sive pregnancies. The fact that 5 of the dams (Nos. 485, 460, 271, 
667, and 289) 1 of which was herself a twin, gave birth to 13 sets of 
twins, might be interpreted as indicating that twinning was an 
inherited trait in these animals. 
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AGE OF DAM AT THE BIRTH OF FREEMARTINS 

Many investigators have found that the incidence of twinning 
increases with the age of the mother up to a fairly advanced age. Of 
the 17 females bom twin with males (table 1), 2 were bom of 2-year-old 
dams, 1 of a 3-year-old d*iDi, 4 of 4-year-old dams, 1 of a 5-year-old 
dam, 3 of 6-year-old dams, 1 of a 7-j ear-old dam, 2 of 8-year-old dams, 
2 of 9-year-old dams, and 1 of an 11-year-old dam. Eight were bom 
of dams less than 6 years old, and 9 of dams over 6 years. Counting 
all twin conceptions on record for the 15 dams listed m table 1, includ¬ 
ing the twin fetuses carried by 2 of the cows at death^ the occtOTence 
of twins at each gestation from the first to the ninth mclusive is 3, 3, 
3, 1,4, 2, 2, 3, and 2. The data presented do not appear to indicate 
any particular age at which twins of either unlike or like sex are most 
likely to occur. It is noteworthy, however, that not all the cows lived 
to have 9 conceptions, although 7 of the 15 had 7 or more. If all had 
continued breeding through 9 conceptions there might have been a 
shifting of the incidence of twinning toward a more advanced age. 
Moreover, the results are based on a highly selected group of dams. 

PLACENTAL AND VASCULAR ARRANGEMENT 

The data obtained in connection with the twins of unlike sex on which 
this report is based are too limited to be positively identified as support¬ 
ing or contradicting tlie theories propounded by lillie. It is very 
difficult to make accurate observations on placental and vascular 
arrangement after the birth of twin calves, and such data were ob¬ 
tainable in only four cases. The observations in connection with these 
four cases, as made by an experienced veterinary physiologist, are as 
follows: No. A-70, a sexually‘abnormal female, was carried in an 
entirely separate placenta from that of its male twin, but it was not 
definitely determmed whether or not vascular connection existed; 
in the case of No. 1209 there were separate placentae connected by 
blood vessels; in the case of No. 1229 the blood vessels from each fetus 
led to the same cotyledons but did not otherwise anastomose; and in 
the case of No. 1408 which was determined on autopsy to be normal 
sexually, each fetus was in a separate placenta and there was no 
connection between them. 

Autopsies of two pregnant cows in the Beltsville herd (A-40 and 
485) provided two sots of twin fetuses of unlike sex for observation. 
In the case of A-40, both of the 233-day fetuses were in the same 
placenta and there was anastomosis of the blood vessels. One fetus 
was a male, and the other was determined to bo a neuter. The 131-dfty 
twin fetuses obtained from cow No. 485 on autopsy were also in a 
common placenta and there was anastomosis of the blood vessels. 
The twins were male and female so far as external manifestations were 
concerned; but as the fetuses and the placental membranes were pre¬ 
served unseparated, the matter of sexual normalcy of the female was 
not determined. Plate 3 shows the placental membranes from cow 
No. A-40 and the membranes and fetuses from cow No. 485, both of 
which show vascular fusion. The findings reported do not appear to 
be contrary to the theory advanced by Lillie except possibly in the 
case of A-70, for which there is nothing in the notes to indicate that 
vascular fusion was present. 
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RELATIVE WEIGHT AND CONFORMATION OF THE FREEMARTIN 

Only a few general statements have been found in the literature that 
refer to the size and external form of freemartins as compared with 
females of the same breed that were bom singly. A summary of the 
weights and body measurements of the freemartins included in this 
study' is given in table 2. The breed averages shown were determined 
specifically for this study from data obtained over a period of approxi¬ 
mately 14 years on females in the Beltsville herd. In order to minimize 
the tabulation work, the breed averages were determined on the basis 
of every tenth animal having weights and body measurements, at 
ages ranging from 3 to 18 months, inclusive. The sample groups so 
formed contained 17 Holstein-Friesians and 20 Jerseys. 


Table 2.— Live-weight and body measurements of freemartinsy and of heifers of 
single hirtliSy at 3 to 18 months of age 


Item of comparison, and ago of 
animal (months) 

1 Jerseys 

Holsteins 

Breed 

average 

Frcc- 

martin 

average 

Rela¬ 
tion to 
bn‘ed 
average 

Breed 

average 

Registered 

paront.s 

Grade parents 

Free- 

martin 

average 

i 

Rela¬ 
tion to 
breed 
average 

Frcc- 

martin 

average 

Rela¬ 
tion to 
breed 
average 

Live weight: 

Pounds 

Pounds 

Percent 

Pounds 

Pounds 

Percent 

Pounds 

Percent 

__ _ 

146 

130 

89.0 

211 

175 

82.9 

142 

07.3 

(i. 

284 

248 

87.3 

390 

334 1 

84.3 

296 

74 7 

12.. 

518 

479 

92 5 

698 

008 

87.1 

581 

83. 2 

18.. . 

663 

590 

89.0 

899 

701 

84 6 

720 

80. 1 

Average. 


-- 

89.5 

... ... 

— 

84 7 

-- 

76 3 


Centi- 

CenH‘ 


Centi- 

Centi- 


Centi- 


Height at withers: 

meters 

meters 

Percent 

meters 

meters 

Percent 

meters 

Percent 

3____ 

81 62 

79 65 

97 6 

87.75 

83 18 

04.8 

77 17 

87 9 

fi____ 

95.77 

93 63 

97.8 

102.03 

98 98 

97 0 

94. 67 

92 8 

12-___ _ 

110.35 

110.40 

100.0 

117 82 

118 03 

10f» 2 

111 75 

94 8 

18.. 

117 35 

118.86 

101.3 

126. 71 

127 04 

KM) 3 

ns 50 

93 5 

Average. 

— 


99 2 

. . 


98 1 

- - 

92 

Height at hips: 









3.... 

84,43 

81 63 

90 7 

92.02 

88 10 

95.7 

78 88 

85 7 

0__ 

98 41 

94 58 

96 1 

106 68 

m 77 

98 2 

96 17 

90. 1 

12 _ . - 

112. 66 

no. 46 

98 0 

122 60 

123 00 

100 3 

114. 25 

93.1 

18_ 

119 06 

118 42 

99.5 

130 85 

132 25 

101 1 

120 42 

92.0 

Average.. . 

— 

-- 

97 6 


— 

98 8 


IK) 2 

Height at pin bones: 









3 .... 

83.55 

80 97 

90 9 

91.08 

86. 57 

94.4 

78. 33 

85 4 

fl .-. 

97.13 

93 43 

90.2 

105. 27 

102 00 

90 9 

95. 58 

90.8 

12 _ _ _ 

no 68 

109.42 

98 9 

120 50 

118 03 

98.0 

112.09 

93.0 

18. - . . 

no. 70 1 

116.64 j 

99 9 

128 29 

126.96 

99.0 

119 92 

93. 5 

Average. .. 

-j 


98.0 



97.1 


90.7 



___ 

- _ 

_ 



Length (shoulder to pm bones) : 









3 .. 

84.95 

82.41 

97.0 

92.41 

85.19 

92 2 

78.94 

85.4 

6. . 

103.62 

100.13 

96 6 

114.27 

105.88 

92.7 

105.19 

92.1 

12 __ 

127.27 

124.04 

97.5 

138.17 

131. 61 

05.2 1 

127.69 

92.4 

18 . 

139.36 

133.82 

96.0 

152.61 

141.00 

02.4 

141.13 

92.5 

Average . 



96.8 



93.1 


90.6 








Total length, withers to pin bones: 









3 .-. 

69.66 

68.63 

98.5 

75.58 

70.25 

92.9 

67.50 

89.3 

6 .... 

87.50 

84.44 

96.5 

93.42 

90.83 

97.2 

86. 75 

92.9 

12. . 

106.17 

104.25 

98.2 

113.05 

111.00 

98.2 

107.50 

95.1 

18.-. . . 

114.71 

112.08 

97.7 

125,17 

119.00 

96.1 

113.00 

90.3 

Average ... 



97.7 



95.9 


91.9 




--- 
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Table 2. — Live-weight and body meaauretnenta of freemarlins, and of heifers of 
single births^ at S to 18 months of age —Continued 


Item of comparison, and age of 
animal (months) 


Length of loin: 

3__ 


12 . 

18. 


Average_ 

Depth fore chest: 

3.. 

6 _ 

12 _. 

18_ 

Average_ 


Depth rear chest: 

3. 

6 . 

12 . 

18. 


Av(*rago 

Depth paunch; 
3 . 

ft . . .. 

12 . 

18.. 


Average.. 

Width of fore chest* 

3... 

ft___ . 

12 .. .. 

18.. 


Average. 


Width of rear chest; 

3..... 

ft.. 

12_ , . . 

18.. .. 


Average. 


W'idth of paunch; 

3. _ . 

«... 

12 .. 

18. 


Average. 

Width of hips; 

3. 

6.. 

12 ..... 

18. 


Average. 


Width of pin bones: 
3. 


12 . 

18. 


Average. 


Jerseys 


Breed 

average 


Centi- 
metert 
18.75 
23.84 

27.98 

29.99 


35.61 
44.53 
54 93 
60 34 


35.51 
44.99 
55.25 


3«.98 
46.55 
56.41 
60,20 


18.35 
23.72 
31.20 
34.80 


25.60 
33.92 
44.08 
48,87 


27 73 
37.70 
49.00 
53.75 


20.83 

27.74 

37.14 

41.53 


Free¬ 

martin 

average! 


13.20 
16.71 
22.59 
25.65 


Centl‘ 
metera 
18 50 
23.25 
27.63 
29.83 


34.80 
42.77 
54.17 
59.72 


34.35 
43.60 
54 00 
58.56 


35 50 
44 73 

54.44 

58.44 


16.72 
21.95 
29.02 
32.78 


24.40 
32.98 
41 79 
45.36 


27.12 
36.83 
47.00 
49.61 


20.00 

26.80 

36.06 

39.50 


11.70 

15.40 

21.13 

23.00 


Kela- 
tion to 
breed 
average! 


Percent 

98.7 

97.5 
98.7 

99.5 


97.7 

96.0 

98.6 

99.0 


97.8 


96.7 
96.9 

97.7 
98.3 


97.4 


90.0 

96.1 
96.5 

97.1 


96.4 


91.1 
92.5 
93.0 

94.2 


92.7 


95.3 

97.2 

94.8 

92.8 


95.0 


97.8 
97.7 

95.9 
92.3 


95.9 


96.0 

96.6 

97.1 

95.1 


96.2 


92.2 

93.5 

89.7 


91.0 


Holsteins 


Breed 

average! 


Cen«- 
metera 
19.88 
25. 25 
29.22 
31.68 


38.34 
47.29 
58.65 
64.97 


47.90 

58.71 

63.79 


40.57 
50.10 
60.40 
64.60 


21.83' 

27.91 

35.94 

40.28 


30.28 

39.28 
49.34 
53.38 


32.72 

43.53 

54.06 

57.76 


31.06 

40.54 

46.35 


16.69 

21.47 

28.50 

33.32 


Registered 

parents 


Free¬ 

martin 

average! 


CentU 

aJl9$9tU 
18.55 
23.63 
28.83 
31.13 


36.17 
45.06 
57.03 
62.88 


3.5.92 

45.88 

56.78 

62.63 


.38.10 

47.50 
59.06 

63.50 


19.70 

25.33 

32.22 

36.46 


27.85 
37.77 
47.05 
49.92 


30.99 

41.69 

51.86 

53.29 


Rela¬ 
tion to 
breed 
average! 


Percent 

93.3 


98.7 

98.3 


96.0 


94.3 

95.3 
97.2 
96.8 


95.9 


93.1 
95.8 
96.7 
98 2 


96.0 


93.9 

94.7 

97.8 
98.3 


96.2 


90.2 

90.8 

89.6 

90.5 


90.3 


92.0 

96.2 

95.4 

93.5 


94.3 


94.7 

95.8 

95.9 
92.3 


94.7 


21.75 
29 31 
38.17 
41.88 


14.96 

19.69 

25.67 

29.00 


89.4 

94.4 
94.2 

90.4 


92.1 


89.6 

91.7 
90.1 
87.0 


89.6 


Grade parents 


Free¬ 

martin 

average! 


Centi¬ 
meters 
18.00 
23.25 
29.63 
30.00 


33.75 
43.50 
55.13 
58.25 


33.25 

43.75 

56.38 

57.92 


35.88 
47.25 
58.75 
59.58 


17.75 
24 13 
33.63 
35.50 


26.63 

33.84 

45.67 

47.67 


29.46 

38.84 

53.00 

52.92 


20.25 

28.13 

37.38 

42.00 


12.63 

18.25 
23.88 

30.25 


Rela¬ 
tion, to 
breed 
average 


Percent 

90.5 

62.1 

101.4 

94.7 


94.7 


88.0 

92.0 

94.0 

89.7 


90.9 


86.1 

91.3 

96.0 

90.8 


91.1 


88.4 

94.2 
97 3 

92.2 


93.0 


81.3 

86.5 

93.6 

88.1 


87.4 


87.9 

86.2 

92.6 

89.3 


89.0 


90.0 

89.2 

98.0 

91.6 


92.2 


83.3 

90.6 

92.2 

90.6 


89.2 


75.7 
85.0 

83.8 
90l8 


83.8 
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Table 2.— Live-weight and body measurements of freemartinSf and of heifers of 
single births, at 3 to 18 months of age —Continued_ 

Jersoys 1 Holsteins 


Item of comparison, and ago of 
animal (months) 


Width of tliurls; 

3. 

6 . 

12 . 

18. 


Width of loin: 

3_ 

() . 

12 . 

18. 




Hela* 




Breed 

average 

Freo- 

martin 

average 

tion to 
breed 
average 

Breed 

average 

Free- 

martln 

average 

Rela¬ 
tion to 
breed 
average 

Free- 

martin 

average 

Rela¬ 
tion to 
breed 
average 

Centi- 
mftfrs 
22.63 
28.69 
35.24 
38.56 

Centi¬ 

meters 

21.65 

27.00 

34.06 

36.67 

Percent 

95.7 

94.1 

96.7 

95.1 

Centi¬ 
meters 
26.91 
33.62 
41.29 
45.74 

Centi¬ 
meters 
24.96 
32.00 
39.42 
43.13 

Percent 

92.8 

95.2 
95.6 

94.3 

Centi¬ 

meters 

21.63 
29.50 

37.63 
41.25 

Percent 

80.4 

87.7 

91.1 

90.2 



95.4 



94.5 


87.4 





1 '. -: 





16.87 15.54 

21.52 20.25 

27.97 27.00 

31 88 30.00 


Circumference of fore chest 

3_ 

6 .. 

12 . . 

18. 


Circumference of rear chest 
3_ 

6 ... 

12 .. . _ .. 

18. 


115 88 106.75 
143 65 135 50 
176 12 168 83 
190 79 180 50 


Circumference of paunch: 

3. 


Average. 

I.»ength of head (Caliper): 

3... 

6 . 

12 .„ . .. 

18.. 


Width of forehead (Caliper)’ 

3. 

6 . 

12 . 

18.■ 


Width of head, across cye.s: 

3.. 


Average. 

Circumference of shinbone: 


Average. 

Average for all items 
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The extent to wliich the freemartins differed from the breed aver¬ 
ages is more clearly indicated in table 3, which gives the distribution 
of the average percentages shown in table 2 that represent the propor¬ 
tionate development of the freemartins to that of the breed average. 


Table 3. —Distribution of percentages that show the relation of the freemartins to 
the average for the respective breed 


Breed 

Items of body size or measurement in which the 
relation of the freemartin average to the breed 
average was— 

100 per¬ 
cent or 
above 

05.0 to 
90.0 per¬ 
cent 

00.0 to 
04. 0 per« 
cent 

85.0 to 
89.0 per¬ 
cent 

Below 

85 per¬ 
cent 

Jersey.... 

Number 

1 

Number 

20 

11 

Number 

2 

11 

15- 

Number 

1 

1 

5 

Number 

Holstein: 

Registered.- . 

Grade_ _ _ - . .. 

1 

2 





In general the Jersey freemartins were not greatly retarded in de¬ 
velopment; the Holstein freemartins were definitely undersized: and 
the grade Holstein freemartins were very much below the Holstein 
breed average in body size. Undersize was most pronounced in live 
weight. Apparently, however, the comparatively low weights and 
measurements of tne freemartins did not result from condition of 
flesh. Deficiency in body size in freemartins seemed to be more 
pronounced in widths than in the other body dimensions. In other 
words the freemartins were small, and they were inclined to be narrow 
in relation to height, length, and depth. The undersize of the grade 
Holstein freemartins is probably not significant since the grade Hol- 
stcins in the Beltsville herd are mtensely inbred and the whole popula¬ 
tion is undersized. 

COMPARISON OF FREEMARTINS WITH HEIFERS TWINNED WITH HEIFERS 

Since twins usually are below the average in weight at birth the 
question arose as to whether the freemartins under consideration were 
undersized because they were freemartins or because they were twins. 
The twin heifers in the herd that lived to at least 12 months of age 
were compared with the breed averages used in studying the com¬ 
parative development of freemartins. Data were available for five 
Jerseys and two Holsteins. All but one of the seven were measured 
up to at least 18 months of age. 

In live weight the Jersey twin heifers were definitely smaller than 
the Jersey freemartins at 3 months but had attained greater size than 
the freemartins at 6 months and remained heavier both at 12 and 18 
months of age. However, they did not reach the breed average, the 
percentages of average weight at 3, 6, 12, and 18 months being 81.5, 
91.2, 93.6, and 92.6, respectively; the comparative percentages For the 
freemartins were 89.0, 87.3, 92.5, and 89.0. For the 23 measurements 
of body size the average percentages at 3, 6, 12, and 18 months were 
93.9, 96.9, 96.4, and 96.7 for the twin heifers as compared with 96.4, 
96.5, 98.0, and 97.2 for the freemartins. In skeletal growth both 
groups were within about 6 percent of the breed average at 3 monies 
and about 3 percent at 18 months. 
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The two Holstein twins were not weighed or measured until they 
were 6 months old. They were smaller at 6 months of age than the 
Holstein freemartins studied. Tins was especially true for live weight 
and occurred also for 19 of the 23 items of body measurement. There 
was a definite tendency for the Holstein twins to approach the breed 
average with advance in age—nearly or entirely reaching it at 18 
months, while the Holstein freemartins remained approximately as 
far below the breed average at 18 months as at 6 months of age. 

Of course, definite conclusions cannot be based on such small groups 
of animals. Taking both breeds into consideration, however, it 
appears that not only wore the freemartins definitely undersized at the 
ages represented, but there was a tendency for them to approach the 
breed average more slowly than heifers twinned with heifers— 
especially as far as live weight is concerned. It seems probable that 
the smallness of the freemartins was due to the fact that they were 
twinborn rather than that they were freemartins. 

ANATOMICAL STRUCTURE OF THE FREEMARTIN 

Aside from detailed descriptions of the genitalia there is little in the 
reports of other investigators to show the extent to which the internal 
anatomy of freemartins departs from the normal. In the present 
study a comparison of the internal anatomy of freemartins with normal 
animals of the same breed and age was difficult because of the limited 
(lata available on normal animals. The anatomy of tlu^ freemartins 
slaughtered at 2 and 3 months of age was compared with that of l)ulls 
because data were not available for normal heifers of these ages. It 
was necessary also to combine the data for Holstcins with those for 
Jerseys in some of the groups. Resulting inconsistencies are overcome 
for the most part by the fact that, except for age and empty-body 
weight, all comparisons are based on units of weight, or measurements, 
per 100 pouncls empty-body weight rather than on the absolute 
weights, or measurements, of the organs and body parts compannl. 
Empty-body weight is the difference between the live weight of the 
animal before slaughter and the weight of the contents of the digestive 
tract. 

Table 4 shows the size of the internal organs and body parts of 
freemartins and of other dairy cattle of similar age, compared on a 
basis of the number of units of weight or measurement per 100 pounds 
of empty-body weight. 

The individual percentages which show the relation between the 
freemartins and the animals used for comparison vary considerably 
for the different items, and for the same item at different ag('s. The 
averages shown in table 4 are based on the individual percentages 
rather than on the number of pounds, p’ams, or centimeters per 100 
pounds empty-body weight because the latter arc not entirely compar¬ 
able. The average of the percentages for all of the ages represented 
is given for each item in the last column. The percentage for empty- 
body weight is only 78.6, which shows that the freemartins were actu¬ 
ally much smaller than the animals with which they were compared. 
In view of the retarded mammary development of the freemartins it 
is noteworthy that the lowest percentage (81.8) is for weight of udder. 
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With few exceptions the percentages are above 100. The average of 
the percentages for all items and for all ages is 109.8. Although the 
organs and body parts of the freemartins were rdatively about 10 
percent larger than those of the animals with which they were 
compared a separate tabulation shows that actually, on an aver¬ 
age, they were only 85.7 percent as large. In other words, the 
organs of the freemartins were actually smaller but they represented 
a greater percentage of the empty-body weight. 

THE PITHITARY BODY 

A study of the freemartin would be incomplete without giving some 
consideration to the pituitary body in view of its important role , in 
connection with the functions of reproduction and lactation. The 
pituitary body was actually smaller in the freemartins than in the 
animals used for comparison at all of the ages represented except 9 
months. However, table 4 shows that at 2 months the pituitary 
body was smaller in relation to empty-body weight in the freemartins 
than in the animals with which they were compared, whereas at 
3 months there was no difference. At both of these ages the animals 
used for comparison were males. At subsequent ages the animals 
used for comparison were all females. The average for all ages shows 
that the relative weight of the pituitary body of the freemartins was 
12.0 percent greater than that of the animals used for comparison. 
For the ages at which only females were used for comparison the 
relative weight of pituitary body was 17.9 percent greater. This 
shows that the freemartins had a larger number of grams of pituitary 
body for each unit of emptv-body weight than did the heifers of single 
births, although actually tne pituitary bodies of the freemartins were 
smaller. 

Hall (£9) studied the pituitary bodies of a number of these free¬ 
martins and concluded that in cellular structure they were not typical 
of either the castrated animal or the normal cow, and were intermediate 
between the two. Evidently this may be taken to indicate a defi¬ 
ciency of gonadal hormones of either sex. 

DEVELOPMENT OF MAMMARY-GLAND TISSUE IN THE 
FREEMARTIN 

Examinations of the form and quantity of mammary-gland tissue 
in the udders of heifer calves in the breeding herd of the Bureau of 
Dairy Industry at Beltsville, Md., are regularly made by palpation 
at 2 weeks, and at 1, 2, 3, 4, 5, 6, 9, 12, and 18 months ot age. A 
description of the different stages through which the mammary-gland 
development passes, and a table of expectancy or standard snowing 
both the stage of development and the quantity of tissue found by 
extensive studies to represent the average for Holsteins and for Jer¬ 
seys, has been given elsewhere by Swett and Matthews {€£). When 
examinations are made, the relative deCTee of advancement in glandu¬ 
lar development for the individual calf is evaluated on the basis of the 
standard and is given a grade. Grades range from 1 for the most 
retarded development to 9 for an extremely precocious one. A grade 
of 5 is ^ven when the mammary-gland development corresponds to 
the standard or average for the breed. Grades of 4, 3, 2, and 1 
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represent progressive degrees of retardation, and grades of 6, 7, 8, and 
9 indicate progressive degrees of precocity. 

It has been the practice to evaluate the mammary-^land tissue 
development of frecmartins as well as normal heifers. Three of the 
animals listed in table 1 (Nos. 624, 296, and 806) were examined 
before the system of assigning grades was adopted, and the degree of 
mammary-gland development was recorded by means of measurements 
and descriptive terms. Some of the others were evaluated and given 
grades at one or more agc's before the standard was established. The 
grades shown in table 5 are those given at the time the udder examina¬ 
tions wore made. 

Table 5--Grades for mammary-gland development in females of twins of vnlike sex 


Grade assigned at age of— 


Animal No. 
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«91., . .. 



2 


1 

1 

1 

3 

3 

o 

834.. 

5 

5 

4 

1 

2 

2 

2 

3 

4 

4- 

100« , _ 




4 

3 

4 

5- 

.5- 

4 

5 

A-70 . 

.5 


5 

2 

2-f- 

2 

3 

5-f 

4+ 

4- 

A-82. 

6 

t) 

3 

1 

1 

1 

1 

2 

2 

... 

1209 . 

.5 

4 

.3 

2— 

2+ 

3 

2— 

3- 


_ 

1421. 


(i 

4 

.5- 

4- 

4 

4f 


4 

. 

1427 . _ 1 

7 

4+ 


3+- 

3-i 

2+ 

4- 

__ 



1229 . 

4- 

.5+ 

4 + 

3 

3 







1212.. 

4- 

4 

2 





. 


148.5. 

7 

7 

1 




• -1 




120.5 1. 

5 

5 

8- 








1408 1. 

0 


1 






-- .. 1 


1200 .. 

5 


. i 






i 






- 
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Average (0 ani¬ 

.5 33 

5.00 

3 .50 

2.40 

2.25 

2.38 

1 ^ 

1 

1 3 57 1 

1 1 

1 3. .50 ' 
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5.25 

6 00 1 
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2 00 

2.00 

2 17 

2 17 

3.3.3 

3.40 i 

i 1 

1 3.33 

1 


1 Post-mortem exaraination indicated that animal was sexually normal. 

2 Omitting grades for Nos. 1205 and 1408. 

’ Average grade for the 0 animals (091, 8.34, A--70, A-82,1209, and 1421) that had grades extending at least 
from 2 months to 9 months of age, inclusive. 

Up to about 1 month of age the mammary development of the 
freeinartin appears to be about the same as that of the normal female. 
Since there is very little difference in the mammary gland of the bull 
and the heifer at 1 month of age, it is to bo expected that the free- 
martin would appear to be normal at that age regardless of any 
abnormality that might be present in the sexual organs. At 2 months 
the freemartins were, on an average, below the normal in mammary- 
gland development. The retardation in mammary-gland develop¬ 
ment became progressively greater until the age of about 4 months. 
The resulting decline in grade wluch occurred in almost every indi¬ 
vidual case does not represent a diminution in quantity of gland 
tissue but rather a lack of increase which resulted in a greater depar¬ 
ture from a progressively increasing normal quantity. After the age 
of 4 months there was an upward trend in the average grade which, 
however, did not at any time reach the level that represents normal 
development. It is possible that an increase in the mass of tissue 
resulting from fat deposition, rather than an actual increase in glandu¬ 
lar tissue, was to some extent responsible for the higher grades being 
given at the more advanced ages. A grade of 5 was recorded subse¬ 
quent to 4 months of age in the case of only two animals. Three 
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animals that died or were slaughtered prior to 4 months of age showed 
the typical decline in grade. 

The two females bom twin with bulls (Nos. 1205 and 1408) that 
were found at time of slaughter to have normal genital develcmment 
had grades of 5 or above for mammary-gland development. Grades 
for these two normal heifers are listed, but are not included in the 
averages in table 5. ^ 

A number of the animals listed in table 5 were slaughtered at an 
early age and consequently had grades covering only the early stages 
of mammary development. In order to determme whether these 
individuals affected the decline and subsequent rise in the average 
grade, an average was determined for the six animals (Nos. 691, 834, 
A-70, A~82, 1209, and 1421) that had grades extending at least from 
2 to 9 months of age, inclusive. There is no marked difference in 
the two sets of averages (table 5). Moreover, the three animals that 
were not originally evaluated in terms of grades and those that were 
graded before tlie breed standards were definitely established, have 
been either graded or regraded on the basis of original descriptions, 
measurements, and other data in conformity with current standards 
in order to determine how much the resmts m table 5 would be 
affected. The additions and slight adjustments made did not mate¬ 
rially change the results. 

Not only were the grades sufficiently low to indicate definite 
retardation of mammary-gland development in nearly all the free- 
martins over 3 months of age, but there were several cases in which 
the type of development did not follow the usual pattern. In such 
cases the p^lands were irregular in shape, sometimes indefinite in out¬ 
line, and in certain instances consisted of a nearly shapeless mass of 
tissue which did not pass through the normal stages of development 
from birth to maturity. An abnormal mammary-gland development 
of this sort is called atypical. 

At the time of slaughter the udders were Removed. Those from 
the older freemartins were filled with a formalin solution, frozen, and 
cut into vertical transverse sections according to the procedure regu¬ 
larly employed by the Bureau in studying the gross anatomy of the 
udders of cow^s at the time of slaughter. The mammary glands from 
the very young animals were dissected in such a maimer as to show 
the form and size of the gland-tissue development in at least two 
quarters. 

The comparative development of the mammary-gland tissue in 
freemartins and in heifers of similar age that were bom singly is 
illustrated in plates 4 to 14, inclusive. They show the structure of 
the udder in a transverse, essentially vertical plane passing through 
one of the rear teats. The photographs were all taken at approxi¬ 
mately the same scale. 

In selecting the heifers whose udders were used for comparison, an 
effort was made to obtain animals that were of approximately the 
same age as the freemartins and that were essentially normal in 
degree of mammary-gland development. The heifers used for com¬ 
parison had grades closely approximating the average. Three of the 
seven heifers used for companson were younger than the freemartins 
with which they were compared; two were slightly older; and two 
were approximately the same age. 
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Table 6 is presented as an aid to a better understanding of the 
comparisons made. It shows the identity and the breed of each 
animal; gives the grade, adjusted to standards now in use, to show 
the relative degree of mammary-gland development; and indicates 
the capacity of the secretory system of each udder as determined at 
the time it was filled with formalin in preparation for freezing and 
subsequent anatomical studies. Although some of the freemartins 
had grades as high as 4 for mammary-gland development they were 
in every case below the normal in this respect. The average of all 
the freemartin grades shown in table 6 is 3.1 whereas the average for 
the heifers used for comparison is 5.1. The capacities also were 
consistently lower for the freemartins than for the heifers used for 
comparison, except in the case of No. 691 for which there are definite 
indications of error due to pockets of formalin under the skin. The 
fact that Holsteins are compared with Jerseys in some instances is 
of little importance as the mammary-gland aevelopment of the two 
breeds has been shown to differ only slightly, on an average, at most 
of the ages represented {62). 

Table 6.— Comparative udder capacity of freemarlim and of heifers of similar age 
that had approximately the average mammary-gland development 
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mam- 

Udder 

Animal 

Age at 

Breed 
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.do.. 

1421 

12 6 
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Holstein__ 
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1 Grades adjusted to conform to current standards. 

* Capacity appears to be too high. Photograph shows definite indications of collection of formalin be¬ 
tween the skin and the mammary gland (pi. 4). 

* Graded at 14 months 25 da 3 rs. 

* Graded at 9 months of age. 


Among the four older freemartins (table 6) the udder of No. 691 
was relatively small, and only a very small part of the total consisted 
of gland tissue. Apparently its total size as well as its capacity was 
exaggerated by the large pocket of formalin which coUectea under the 
skin (pi. 4). Fully half of the area of the section of the udder of No. 
834 appear^ to be fat, the cistern was small and visible ducts were 
almost lacking (pi. 5). Nearly the same proportion of fat to gland 
tissue occurred in the section of No. 1006 (pi. 6), but the duct forma¬ 
tion was more complete. It did not differ greatly in appearance from 
the udders of normal heifers of the same age. Tnere was also a small 
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proportion of gland tissue in the udder of No. A-70, and the gland 
tissue was not clearly differentiated from the fat which surrounded it 
(pi. 7). The udder of No. 510 U. S., apparently a normal heifer, was 
used for comparison with the udders of these four freemartins. Al¬ 
though she was graded slightly above the average in mammary-gland 
development, she was younger than any of the four freemartins. 
Her udder was larger tlian any of the oUiers except possibly that of 
No. 1006; the gland tissue was fairlv widely distributed and clearly 
differentiated; and the formation of the teat, the cistern, and the duct 
system appeared to be typical for a heifer of this age (pi. 8). 

A striking contrast is shown in the udders of freemartin No. A~82 
and of normal heifer No. 508 U. S. The udder of the former was 
extremely undersized and did not show any clearly differentiated 
gland-tissue formation. The udder of No. 508 IT. S., however, was 
well developed and generally typical in form, although this heifer 
was nearly a month younger than No. A-82 (pi. 9, A and B). 

Freemartins No. 1209 and No. 1421 were both more than a month 
older than normal heifer No. 507 U. S. The mammary development 
of No. 507 U. S. was approximately normal for her age, as indicated by 
the grade of 5 + . The section from No. 1209 was very small and 
consisted largely of fat, although the formation of gland tissue was 
fairly typical (pi. 10, A). The gland tissue in the udder of No. 1421 
was fairly well distributed but was small in quantity and not clearly 
differentiated from the fat, and the udder was small (pi. 10, J5). Tbe 
section from No. 507 IT. S. was much larger than that of either of the 
freemartins, the gland tissue was widely distributed and more clearly 
defined, the cistern was of moderate size, and the duct system was 
fairly well developed (pi. 11). 

Freemartin No. 806 was about 10 days younger than normal heifer 
No. 68 U. S. whose mammary-gland development appeared to be 
average for heifers of the same age. There was little difference 
between the two with respect to proportion of gland tissue to fat. 
The gland tissue was clearly outlined in each, and the duct system 
appeared to be more fully developed in the freemartin. The free¬ 
martin udder, however, was definitely the smaller (pi. 12, A and B). 

Froemartiu No. 1427 and nonnal heifers No. 75 U. S. and No. 1259 
were all within 1 day of the same age. The gland tissue in the udder 
of No. 1427 was not clearly defined and apparently represented only a 
small proportion of the total area, although the duct system was 
fairly well developed (pi. 14,^1). The udders of the two heifers used 
for comparison were much larger. In No. 75 IT. fi., the gland tissue 
represented a large proportion of the total, it was clearly differentiated, 
and the duct system was unusually well developed (pi. 13, .4). In 
No. 1259 the propdrtion of gland tissue was much lower, it was well 
differentiated, ana the duct system was fairly well developed (pi. 13,B). 
In the case of these two heifers it may be noted that the former was 
graded 6 and the latter 4 for relative glandular development. 

Normal heifer No. 686 was 19 days older than freemartin No. 1229. 
The udder of the freemartin was slightly the larger but it contained 
no clearly distinguishable gland formation (pi. 14, /?), whereas the 
udder of No. 686 contained a fairly good-sized area of gland tissue 
with a cistern and some duct formation (pi. 14, C). 
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The dissected mammary glands of No. 1205 and of No. 887 are 
shown in Figure 1, A and B. Both were within 3 days of the same 
age when slaughtered (2 months, and 2 months 3 days, respectively). 
No. 1205 was twin born with a bull but was judged nonnal as a result 
of post-mortem anatomical findings. Since she was sexually normal, 
she was not classed as a freemartin and is not listed in table 6. No. 
887 was born singly. Apparently she was normal sexually and approx¬ 
imately normal m mammary-gland development. The udder clevel- 



Figuke 1.— A, Dissection showing the maininary-gland tissue development of 
No. 1205, a normal heifer born twin with a bull (age 2 months); /i, a similar 
dissection of No. 887, a normal heifer born singly (age 2 months, 3 days). 


opment of No. 1205 was somewhat more advanced, as determined by 
palpation, than that of No. 887, although the dissections did not 
indicate any marked difference. 

Most of the freemartin udders illustrated contained a comparatively 
large proportion of fat in relation to gland tissue. In many of tlie 
freemartin udders the gland tissue was not clearly differentiated from 
the fat surrounding it, and in some cases the duct formation appeared 
retarded in development. In most cases the freemartin udders were 
relatively small. 
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CRITERIA FOR RECOGNmNG THE FREEMARTIN AT 
AN EARLY AGE 

The recognition of an early external manifestation of freemartinism 
will be helpful to breeders since it may save them the trouble and 
expense of raising females of mixed twins that at breeding age prove 
to be sterile. There are a number of characteristics that may indi¬ 
cate freemartinism. Possibly one or two of these will be seen m one 
individual, and other characteristics may indicate this condition in 
anotlier individual. Following is a discussion of the characteristics 
that have appeared to be most indicative of freemartinism in the 
animals included in this study. 

The freemartins on which this report is based were undersized and 
were inclined to be narrow in relation to height, length, and depfti. 
It is very doubtful, however, whether these characteristics were 
ciently pronounced in these animals to indicate freemartinism.' T|ie 
retaraed development of these animals probably was due largely to 
the fact that they were twins. 

A definitely retarded mammary-gland development in* a female 
twin bom with a bull may be considered as an indication of free- 
niartinism, although too much stress cannot be placed on it because 
of the wide variation in degree of udder-tissue development in females 
of single births. Neither is the external appearance of the udder a 
reliable indication, since the size and shape of the udder and the 
length and fonn of the teats vary greatly in heifers bom singly. 

Probably more credence mav be attached to a retarded mammary- 
gland development that also fails to pass through the. typical stages 
and occurs in an indefinitely shaped mass of tissue that does not con¬ 
form to the usual pattern. 

Another condition frequently, though not always, associated with 
freemartinism is an enlarged clitoris. Numerous cases have been 
observed in which the freemartm had external genitals that appeared 
to be entirely normal. In other cases the clitbris was so much over¬ 
developed that it was visible at all times and so obstructed the vulva 
that the urine spurted upward when the animals urinated (figure 2A 
and B). Absence of an enlargement of the clitoris is not necessarily 
an indication of sexual nomiality but an enlargement is a very good 
indication that the animal is a freeniartin. 

One other abnormality that appears to be quite consistently asso¬ 
ciated with the freeniartin condition is the presence of a fold of skin 
on the median plane of the body, which varies in size and in length 
but which sometimes extends from the perineum, a short distance 
below the vulva, to a point close to the navel. In the region of the 
udder the fold sometimes hangs down to a marked degree. In one 
freemartin it resernbled a scrotum wliicli occasionally was drawn up 
until it practically disappeared. Usually the fold of skin contains a 
cord or bundle of fibers, which may be very pronounced in some 
individuals. Owing to the location of the fold and the enclosed cord 
it has been referred to frequently as a ‘‘rudimentary penis’^ (figime 3). 
The dissection of one of these cords led to the conclusion that it was 
a modified retractor muscle the function of which, in the bull, is to 
withdraw the penis into the sheath after erection or protusion. In 
one other case the so-called cord was sectioned for microscopic study. 
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Figukb 2 .—Af The protiidinj? clitoris of freemartin No. 691 at 3 months of age; 
Bt the less prominent but greatly enlarged clitoris of freemartin No. 1485 at 
2 months of age. 
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It failed to show an organization of cell structure sufficiently definite 
to identify it as a rudimentary form of any organ or part. Whatever 
its origin, it was found in a high percentage of the freemartins studied 
and was absent in the two females twinned with bulls, that were 
found on post mortem examination to have normal sexual development. 



Fjci?re 3.” The prominent fold of skin, sometimes enclosing a cord, which has 
been referred to as a * Rudimentary penis.” 


ABERRATIONS IN ANIMALS STUDIED 

Following is a brief description of the physical and anatomical 
aben-ation noted in each of the 17 females twinbom with bulls, on 
which this study is based. 

Jersey No. 691 was extremely retarded in mammary-gland develop¬ 
ment for a period of several months, at no time approaching the breed 
average. (See table 6.) The glandular development also was ab¬ 
normal and was an irregular-shaped mass of tissue. At nearly every 
observation the clitoris was greatly enlarged and the vulva was very 
small. The presence of the so-called rudimentary penis was very 
marked at nearly evenr examination from 3 to 18 months of age, 
when the animal was slaughtered. At 12 months of age it extends 
from the clitoris to the navel and at 18 months it was even more 
pronounced. Post mortem examination showed only a small outline 
of the uterus, an absence of ovarian tissue, and a va^a (only about 
2 inches long) that did not communicate with the rudimentary uterus. 
The clitoris was about 1.5 inches long, the vulva opening was only 
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about 0.75 inch in diameter, and there was a strip of ^^muscle/’ beneath 
the skin that extended from tlie vulva to the umbilicus. 

Holstein No. 834 was very much retarded in mammary-gland 
development from 3 to 12 months but was improved at 18 months 
of age. The glandular tissue was a very unusual formation with the 
tissue very indefinite in shape and outline. The clitoris and vulva, 
however, appeared to be normal. There was a fairly prominent 
median fold of skin at 3 and 6 months of age but at 18 months the 
rudimentary penis was relatively small as compared to that of No. 
691. Autopsv showed undeveloped genital organs, no trace of uterus 
except more dense tissue at that place, and only small nodules in the 
position usually occupied by the ovaries. The vagina was only 
about V/a inches long. 

The data available for Jersey No. 624 show that she was extremely 
retarded in mammary-gland development, and that the glandular 
formation consisted of a mass of soft, stringy tissue, which lacked 
definite shape and outline, which was not typical in any respect, and 
which was one of the most unusual formations yet studied. Only 
traces of the usual hunale internal genitalia were found on post-mortem 
examination. 

Jersey No. 1006 was one of the most unusual cases studied. The 
mammary-gland development of this animal was only slightly re¬ 
tarded; it adhered fairly closely to the usual pattern with regard to the 
sequence of stages of development; and at 12 months the internal 
development was not noticeably different from others of similar age 
except that the gland was slightly undersized. The clitoris showed no 
signs of enlargement and the vulva was normal. There was, how¬ 
ever, a trace of the median fold or rudimentaiy penis in this animal. 
She was found on post-mortem examination to be almost dc'void of 
female genital organs, having only a vagina about 3 inches long and 
two tubelike structures about 1.5 inches long (similar to the horns of a 
uterus) that seemed to be continued by strands of tissue for about 12 
inches. There were small cysts about the size of immature follich^s 
between these strands. A small rudimentary testicle was found on 
the right side near the usual site of the ovary. On the left side a 
similar testicle was found, which had descended and lodged on the 
dorsal surface of the udder. (See pi. 1.) 

Grade Holstein No. A-70 was very much retarded in mammary 
development at 3 to 5 months of age but showed some improvement 
subsequently. In type of development of mammary-gland tissue the 
departure from the normal was comparatively slight. The clitoris 
and vulva were normal. A median fold containing a cord or rudi¬ 
mentary penis which extended from the rear of the udder almost to th(' 
navel was noted at 6, 9, 12, and 15 months of age. It was the dis¬ 
section of the cord in this animal that led to the conclusion it might be 
retractor penis muscle. She was somewhat more fully developed 
internally than most of the freemartins studied, the genitals consisting 
of small ovarylike glands, uterine horns with tubes to vesicula semi- 
nalis, and a vagina about 3 inches long, but she had no cervix (pi. 15). 

Holstein No. 296 was very much retarded in mammary-gland de¬ 
velopment, which appeared to deviate sharply from the usual type. 
At 9 months it was described as the strangest structure yet observed, 
at 12 months it had very little similarity to the usual type, and before 
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slaughter it was (loscrilxnl as at all typical in shape, or develop¬ 
ment, or in any other way.” No reference was made to the clitoris. 
At 9 months a layer of tissue liung down between the teats the entire 
length of the udder along the median line and at the time of slaughter 
also there were indications of a rudimentary penis. Only the most 
rudimentary development of the internal genital organs was found on 
post-mortem examination. 

Grade Holstein No. A-82 was extremely retarded in mammary- 
gland development at from 3 to 6 months of age, after which a slight 
improvement occurred. At 9 months there were indications of some 
abnormality in typ<‘ of mammary development, at 12 months the out¬ 
lines was very indistinct, and at 15 months the gland tissue was in¬ 
distinct in outline and the quarters were not typical in shape or in 
position. The clitoris was not enlarged. It may even have been 
slightly smaller than the average. There was only a trace of the cord 
('Iscwhere referred to as a rudimentary penis. Autopsy disclosed a 
2-inch vagina, and cordlike tissue leading to tubular uterine horns 
about 1 incli in h^ngth, to which wvro, attached shreds of tissue con¬ 
taining very small bodi(»s that may have been ovaries. 

Holst(‘in No. 1209 was very much retarded in mammary-gland 
(lev(dopni(*nt from 3 months on. The mammary tissue was slightly 
but not significantly atypical or abnormal in form. The clitoris was 
sliglitly enlai’ged at nearly every examination. There vras no indi¬ 
cation of a rudimentary penis except at 9 months, when a trace was 
noted. Post-mortem examination showed underdeveloped internal 
g(»nitalia which included a 3-inch vagina, small seminal vesicles, small 
tubular structures, and small gonadal lumps resembling testicular 
tissue. 

Jersey No. 1421 was only slightly below the breed average in mam¬ 
mary-gland development, which was typical in form, and the clitoris 
did not show more than a very slight enlargement at any age. The 
median cord, however, was noted at 3 months and at each examination 
thereaft(‘r. It seemed to increase in size and distinctness and was most 
noticeabl(» at the rear and along the udder to its front attachment, but 
not in the region of the navel. Although the external manifestations 
wen' l('ss mark('d than in some of the others it was predicted that this 
animal would be a freemartin. On autopsy she was found to be devoid 
of anything approaching normal internal genitalia and to be a typical 
neuter. 

Holstein No. 806 was definitely retarded in mammary-gland de- 
V('lopment. At 5 and again at 6 months the formation appeared to 
be somewhat irregular in type, but at 9 months was described as 
typical but greatly retarded. There were no notations in the record 
on the condition of the clitoris; but there was a trace of a narrow 
fold of akin along the median line at 3 months, although no reference 
was made to a cord formation within it. Her internal genital organs 
were markedly vestigial and she was undoubtedly a neuter. 

Jersc'y No. 1427 was definitely retarded in mammary-gland develop¬ 
ment at 3 to 5 months of age but was more nearly normal at 6 months. 
There were no indications of abnormalities in the form of glandular 
development. The clitoris, however, showed a marked enlargement. 
It was so large that it protruded and was exposed all the time, and the 
ventral extremity of the vulva pointed nearly straight toward the rear. 
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At first the rudimentary penis was comparatively small and not very 
noticeable, but at 6 months it was rather pronounced. Post mortem 
findings showed only rudiments of the usual female internal genitalia. 

Holstein No. 1229 was somewhat retarded in mammary-gland de¬ 
velopment when slaughtered at 3 months of age. The type of glandu¬ 
lar development at that time was described as indennite and not 
comparable to others; not conforming to any stage; a soft, irregular 
mass of fatty and fibrous tissue. In other words it was an atypical 
mammary-gland development. The enlargement of the clitoris was 
only slight. The fold and cord were present but not pronounced. 
Post mortem findings showed that her inU^rnal genitals consisted chiefly 
of an undeveloped vagina, two small biilblike objects in the place of 
the uterus, and two small lumps at the usual site of the ovaries. 

Holstein No. 1212 was very much retarded in mammary-gland 
development when examined before slaughter at 3 months of age, but 
there was no indication of abnormality in type of glandular formation. 
For this animal the outstanding aberration was the greatly enlarged 
clitoris. It was about 1 inch long, could be seen without opening the 
vulva, and occupied a very large part of the vulva, which was in nearly 
a horizontal position. The urine spurted upward and outward on 
account of the position of the vulva and the obstruction of the clitoris. 
There was no indication of the co-called rudimentary penis. Post 
mortem dissections showed that the vulvalike opening continued 
forward as a diminutive vagina for about 2 inches and ended in a 
blind pouch. Two testicles with tubes and ampullae were found. 
The testicles and tubes were in a position similar to that of the ovaries 
and uterus of the normal female. 

Jersey No. 1485 had shown better than average marnmary-gland 
development until just before she was slaughtered at the ag(» of 2 
months, when it was slightly below the average and definitely abnormal 
in form. The clitoris was very pronounced; it was almost fully 
exposed and was clearly visible from a distance, ev(ui at the early age 
of 16 days. It occupied about one-third of the vulva. There was 
also a definite indication of a rudimentary penis. At 2 months it con¬ 
sisted of a very pronounced ridge, clearly visible all the way from the 
rear attachment of the udder to the navel, and containing a small cord 
which could be detected at almost any point. It was this animal that 
showed the scrotumlike pouch that was occasionally drawn up until 
it practically disappeared. Post mortem examination showed that 
the genitals consisted of small folliclelike structures at the site of the 
ovaries, fibrous strands instead of a uterus, and a vagina only about 
1K inches long. 

Holstein No. 1205 was slaughtered at the age of 2 months. At that 
time her mammary-gland development was typical in form, and some¬ 
what advanced in degree. The clitoris was not enlarged, in fact it 
appeared to be unusually small. There was no indication of the medi¬ 
an fold or so-called rudimentary penis or of any of the other indications 
of freemartinism that have been pointed out in the foregoing cases. 
Post mortem studies showed that she had all of the organs of a normal 
female and apparently was normal sexually. 

Jersey No. 1408 died at the age of 26 days. Only one examination 
had been made (at 14 days). It did not show any abnormality in 
degree or in type of mammary development. The clitoris was very 
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small. No reference was made in the report of the examination to 
the presence of a rudimentary penis. Autopsy findings indicated that 
the animal was sexually normal. 

Holstein No. 1200 died at the age of 18 days. Only one anti- 
mortem examination w'as made (at 11 days). The glandular develop¬ 
ment was not notably deficient or unusual in type. The clitons, 
however, was very large, very prominent, and visible at all times. 
It extended above the center of the orifice of the vulva, which stood 
open above it. There was no indication of the so-called rudimentary 
penis. The condition of her internal genitals showed that she was 
undoubtedly an intersexual individual. 

Some idea of the extent to which aberrations occur and of their 
significance may be obtained from table 7. As noted in the discus¬ 
sions, the data for No. 624, No. 296, and No. 806 arc incomplete and the 
absence of a notation does not necessarily indicate that no abnormality 
occurred. Lack of a notation for any item in the case of the other 
animals, however, may b(' considered as a reasonably reliable indica¬ 
tion of normalcy for that characteristic. 


Table 7. — Physical aberrations noted in 17 females that were twinborn with bulls ^ 


Animal No. 

Betarded 
develop¬ 
ment of 
mammary 
gland 

Atypical 
develop¬ 
ment of 
mammary 
gland 

Enlarged | 
clitoris 

Presence of 
rudimen¬ 
tary penis 

mi . . ... 

XXX 

XX 

XXX 

XXX 

«;^4 . . 

XX 

XXX 

(>) 

X 

«24.. . 

XXX 

XXX 



looei. . .. . 

X 

0) ! 

(») 

X 

A-70. . _ 

XX 

X 

(*) 

XX 

2i»fi... . 

XXX 

XXX 


X 

A-82.. __ __ . 

XXX 

XX 

(*) 

X 

1209 . -.. ! 

XXX 

X 

X 

X 

H21... . . 

X 

(*) 

X 

XX 

mi ... . 

XX 

. X i 


X 

1427 ...... 

XX 


’ XXX ' 

XX 

1229 ______ 

XX 

XX 

X 

X 

1212 . ..... 

XXX 


XXX 

None 

1485 . . . _ 

X 

XX 

XXX 

XXX 

1205<. ... 

(») 

(*) 

(*) 

None 

140S<.-.... 

0) 


( 9 ) 


1200.- .... 

0) 


XXX 



» X Indicates that the characteristic occurred as a trace or in a slight degree; XX indicates that it occurred 
in a definitely marked degree; and XXX that it was very marked or extreme. 

* Normal. 

* Approximately normal. 

< Normal internal genitals. 

* Advanced. 

«Very small. 

A retarded development of the mammary-gland tissue was the most 
frequently observed abnormality. It was noted in 14 cases. The 
presence of the median fold of skin between the vulva and the navel, 
which sometimes enclosed a cord and which was referred to as a rudi¬ 
mentary penis was noted in 12 cases. An atypical form of mammary- 
gland development was noted in 10 cases and an enlarged clitoris in 8. 
^me of the freemartins showed definite abnormalities in 1 or 2 
characteristics; some in different ones. Others, like Nos. 691, 1209, 
and 1229 were abnormal in each of the 4 characteristics. Eve^ 1 
of the 17 animals showed at least a trace of 1 or more abnormalities 
except Nos. 1205 and 1408, both of which appeared on post-mortem 
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oxaminaiion t-o be s(*xually normal. The 15 that showed ante-mortem 
manifestations of abnormality were all found on post mortem to be 
deficient in their internal sox equipment. 

The contrast in development of internal genitalia between the 
apparently normal No. 1205 and the freemartin No. 1485 is shown in 
plate 16, A and B, 


SUMMARY AND CONCLUSIONS 

For some 2,000 yc^ars cattle breeders and investigators have observed 
that a female calf twinborn with a bull calf is likely to be deficient in 
sexual development and incapable of reproduction. An animal so 
born and showing such deficiencies is call(Hl a freemartin. Investiga¬ 
tors have reported fairly conclusive results indicating that such an 
individual is genetically a female that has developed from a separate 
ovum and that the sex modification has resulted from th(‘ (dfects of 
hormones produced by the gonads of the male twin embryo, which 
have circulated through the female embryo as a result of fusion of th(' 
blood vessels of the two placentas. 

Sexual aberrations similar to those found in the freemartin are 
sometimes observi‘(l in other than the boviiu' species. Sex intergrades 
resembling the freimiartin hav(‘ been producc'd exp(‘i*im(Uitally in 
laboratory animals by injections of sex hormones eith(*r into the mother 
or into the embryo. If frcemartinism occurs naturally in connection 
with multiple births involving both sexes, it appears to be the exception 
in other species when^as in cattle it is the rule. Authorities differ in 
opinion as to the fn^quency of occurrence of normal individuals among 
heifers that are twinborn with bull calves. An average of th(' esti¬ 
mates given by such authorities indicates that a normal femah' may 
be expected about once in 12 cases of twinning involving both sexes. 

This report is based on a study of 17 heifers twin born with bulls. 
All of those that were kept to breeding age proved to be sexually 
abnormal and incapable of reproduction. A very wide range in 
degree of abnormality was found. In some the female internal genitals 
were modified, in some they were almost lacking, and in some male 
gonads were found. Only 2 of the 17 were found on post-mortem 
examination to have normal genital development. As these 2 were 2 
months of age or less at the time of death it was, of course, not certain 
that they would have been capable of reproduction at breeding age 
despite the apparent normalcy of their genital organs. 

Although the data are too limited to warrant definite conclusions, 
twinning appears to have been habitual in some of the dams of the 
freemartins studied. Among the dams of the freemartins there was 
no particular age at which twins of either like or unlike sex seemed most 
likey to occur. 

(5n an average the freemartins were definitely undersized, especially 
in live weight. Deficiency in body size seemed to be more pronounced 
in width than in other oody dimensions. Although on an average 
they were undersized at all of the ages studied, there was a slight 
tendency for the freemartins to approach their respective breed 
averages more slowly than did heifers twinned with heifers—espe¬ 
cially in live weight. The smallness of the freemartins probably was 
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due to the fact that they were twinborn rather than that they were 
freemartins. It is very doubtful that either smallness of the individual 
or any peculiarity in body conformation could be used as a satisfactory 
basis for distinguishing between freemartins and normal heifers. 

On an average the relative size of the organs and body parts, ex¬ 
pressed in number of units of weight or measurement per 100 pounds 
empty body weight, was approximately 10 percent greater for the 
freemartins than for the animals with which thCT were compared. 
Actually the freemartins had the smaller organs. The greater relative 
size of their organs was due to the fact that the freemartins were more 
undersized in body weight than in the size of their organs. 

The pituitary body was actually smaller in the freemartins than in 
the animals used for comparison. On the basis of number of grams of 
pituitary body per unit of empty-body weight, however, the free- 
inartins had the larger pituitary bodies. The freemartin pituitaries 
that were studied cytologically proved to be intermediate between the 
condition found in tlie castrated bovine and that of the normal cow. 
Presumably this indicates a deficiency m both the male and female 
sex hormones. 

The mammary-gland development of the freemartins as determined 
by palpation was, on an average, approximately normal up to about 1 
month of age after which it was definitely retarded. The greatest 
retardation occurred at about 4 months after which there appeared 
to be a tendency for some improvement. 

The udders of the freemartins had lower capacities than the udders of 
normal heifers of the same age, in most cases they contained a high 
percentage of fat in relation to gland tissue, in many of them the gland 
tissue was not clearly differentiated from the surrounding fat, and in 
some the duct formation appeared to be retarded. In most of the free¬ 
martins the luiders were relatively small. 

There are a number of characteristics that appear to be indicative of 
freemartinism and useful in determining whether or not any given 
female twin born with a bull cjilf is likely to be capable of reproduction. 
Many of the freemartins included in this study were greatly retarded 
in uclder development. In some cases the mammary-gland develop¬ 
ment was atypical. Another characteristic found in many of the 
freemartins was an enlarged clitoris; and still another which was very 
often present was a fold of skin, sometimes containing a cord, which 
extended along the median plane of the body, part or all of the way 
from a point above the rear attachment of the udder to the navel. 
This has been referred to in this study as a “rudimentary penis.” In 
.some freemartins all of these characteristics occurred. In others only 
1 or 2 could be detected. One or more was found in everyone of the 
15 cases studied that proved on autopsy to be deficient in sexual de¬ 
velopment. None was found in either of the 2 that had normally de¬ 
veloped internal genital organs at the time of death. 

The chances are slight that the heifer twinned with a bull will be 
sexually normal. In some cases positive determination probably 
cannot be made until the animal reaches breeding age. However, if 
one or more of the abnormalities described are present it probably 
will be good economy to dispose of the animal. 
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Plate 1 



Internal genitals of freemartin No. 1006 at 18 months 2 days of age: The 

genital tract; the descended testicle. 
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Plate 2 



Iiit(*rnal genitals of nuriiial heifer No 509 U. S at 16 months of age. 




Aj \ ascular fusion of twin bovine fetuses of cow No. A-40: a, Umbilical cord of 
one fetus; 6, umbilical cord of tlie other; c, direct vascular connection between 
them. Twin bovine fetuses of unlike sex from cow No. 485 showing vascular 
fusion. 
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Plate 4 
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Plate 5 



Section througli a roar (iiiartor of the udder of frotMiiartin No. 834 at 18 months 

Hi days of age. 
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PLATE 6 





Section through a rear (juarter of the ufhler of freeinartiii \o. lOOh at 18 months 

2 (lays of age. 
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PLATE 7 
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Plate 8 
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A, Section tlirougli a rear quarter of the udder of freemartin \o. A-82 at 14 
months 28 days of age; section througli a rear cjuarter of the udder of normal 
heifer Xo. 50S U. S. at 14 months of age. 







Early Recognition of Freemartin Condition in Hciferi 


PLATE to 



A, Section through a rear (juarter of the udder of freemartin Xo. 1209 at 12 
moutlis 11 days of age; B, scetion through a rear (juarter of the udder of free- 
inartin No, 1^21 at 12 months 0 days of age. 
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PLATE 1 1 
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Plate 12 



A, Section through a rear quarter of the udder of freemartin No. S0<) at 8 luontlia 
22 days of age; B, section through rear quarter of the uddt'r of normal heifer 
No. 68 U. S at 9 months 2 da\s of age. 




Section througli a rear quarter of the udder of normal lieifer No. 75 U. S. at 
(i months 1 day of age; B, section through rear quarter of the udder of normal 
heifer No. 1259 at 6 montlis of age. 
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Plate 14 



1, Section throuch a rear quarter of the udder of freemartin No. 1427 at 6 months 
1 day of a>?e; if, section through a rear quarter of the udder of freemartin ]Sh>. 
1229 at 3 months of age; C, section througti a rear quarter of the udder of 
normal heifer No. (586 at 3 montlis 19 days of age. 
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PLATE 15 
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Plate 16 





A, iTiteinal genital tract of No. 1205, twiiihorn with a bull calf but ai)j)arciitly a 
Tioniial licifer; B, the rudimentary genital tract of freeinartin No. 1485* at 
ai)proxiniately the same age. 
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MOSAIC AND STREAK DISEASES OF ROSE ' 

Hv PiiiLM’ Huikulkv, pathologisty Division of Fruit and Vegetable Crops and 
DiseaseSy liureau of Plant fndustrpy anil Flo\d F. Smith, entomologisty Division 
of Truck (Uop an<l (hndcu InsccA Investigations, Bureau of Enlomologg and 
Plant (Juaraiitincy United States Department of Agt icultu/e ^ 

INTRODUCTION 

K<)S(‘ jnosnir, oi* infirtioiis chlorosis, was first, doscrihod by White* 
(JD) fiojTi New Jersey and Massachusetts in 1928. The disease* 
was e'onsiele*re*el as se‘rie)us and wide*spre‘ael in the United States hi 
late‘ 1 - re*])e)rts by White (/, 120, 21, 22, 23),^ Ne*lson {13), anel Weiss 
anel Me-Wlieirter,'" hut its iniportanee was eliscx)unt(*d by Milbrath 
(II, 12). Fie*lel e'viele'iiee suj>:ti:e*stin^ natural s])re*ad was advaneeel 
by MeWhoite*!’.*' Othe*!* ehleireitie elisemleMS, particularly in reise 
unele*rste)eks, we*re*. e'vielently eonfuse*d with reise ineisaie in many of 
tiu'se* e'arly surv(‘ys. vSeune* eif the* e*arly ee)nee*rn over reise*. meisaie 
was elue* te> e*launs that aflVete'el jJants mi<j:ht be killeel. Immature 
Manetti steie'ks (23) were* re*s])e)nsible for outri<^ht loss of semu* plants 
in tile* ye‘ar in whiedi meisaie w^as first re*eo<rnize'd. It is ])robable* that 
the* e*tre‘e*ts eif iinniaturity W'e*re* ee)nfuse*el with mosaic in seune t*ar]y 
e)t)S(‘rvatieins, sine’e* tyjiieal reise* meisaie is rare*ly if e*ve*r fatal. 

Tlie‘ pre*se‘nt stuely w'as unele*rtake*n te) ele*te‘rrnine wdietlie*!’ insect 
ve*cle>rs eif reise* meisaic eiccur (1932 33) anel to ele*vise* means of cein- 
trol (li)33 38). As the* w'ork pre)^re‘sse*el it be*came* ne*ce'ssary to 
re*ele*tine* the* synijiteims of the elisease (U, e‘xcluelin^ ce*rtain types of 
syin|)te)ms attribute*el to reise* meisaic by others but neit founei trans¬ 
missible* to hybriel te*a ros(*s in the write*rs’ tests. A ne‘W' e*stimate of 
l)re‘vale*ne*e‘ has bee*n maele by ineh*xing sample*s e)f understocks and 
by t(*stin<j: transmissibility of chleireitic eliseirders appearing naturally 
in rose*s. Ye*lleiw' variants of the* meisaic ])attern w'e*re* e*ncount(*r(*el, 
anel also an ap])are*ntly unele*scribeel virus elisease* calle*el “streak” (J) 
])e*e*ause‘ e)f its ne*e*re)tic effe*cts in ce*rtain rose* varietii*s. At prc'sent 
reise* nmsaic is attractin<»: attcntiein in (^difornia, anel stre*ak in Te*xas. 
A eliscussie)!! eif tlie* redaliein e)f nurse*rv prae*tice*s to spre*ael of tlu'se 
elis('ase*s has alre*ady appe*are‘el (J). 

' RmMM'd loi puhliciilion August 31. H)40 e’lKHM'ralivr invostitiations bv tho DiMsion of Flint and 
\ I'Ht'lahlo e’loph and Disoan"', TUiroau of I’laiil liuliistr>. and tho Oiwsion of 'Pmok Crop and ejardt*n 
ItiM'ct Inv(‘stipations, Hiirran of Fnloinolofry and Clant Quarantino. V S 1 lopartinoni of Afinrnlturo 
‘ Thi‘ \Aril('rs arr indobtiMl to n nunihiT of iiursorMiicn for .supiiljinc saniplos of commercial understocks, 
and lo Freeman Weiss, senior i»atliol(tp:ist in the DiMsion of STveolnry and Disease Survey, Bureau of 
I’larit Industrv. for .sarnpko of ruse mosaic and a collection of stocks afTected with "crinkle’' assemhleil 
prior lo 1033 
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The writers^ type stock of rose mosaic was a plant of Mme. Butterfly 
and its vegetative offspring. This plant was obtained from a New 
Jersey greenhouse, and the symptoms were confirmed as typical at 
the lime by White. The stock of healthy Mine. Butterfly came 
from a greenhouse in Washington, D. C., where it had long been 
propagated on its own roots. No mosaic was detected in the source 
stock and no natural infection has appeared in 6 years’ experimental 
cultiu*e of the writers’ material. 

SYMPTOMS 

TYPICAL ROSE MOSAIC 

Th(* symptoms of typical rose mosaic in the Mm(‘. Butterfly variety 
are essentially as described by White (23)y who originally defined the 
disease. In the course of 6 years’ growth under glass and in th(» 
field, the writers’ type mosaic affected Mine. Butterfly has develop(»d 
symptoms of several patterns. The typical symptoms are prominent 
chlorotic areas commonly adjacent to and h'athcring away from the 
midrib and accompanied by morc^ or less severe distortion of the 
leaflet (fig. 1, A; also 23, fig. /, A, B). These patterns are lierein- 
after called ^Hypical symptoms.” Such clilorotic areas may app(‘ar 
in each leaflet of a leaf, or one or more leafl(‘ts may remain symptom- 
I(‘ss. Not infrequently a whoh' leaf on an aflected shoot may fail to 
express symptoms, but buds taken from the axils of such symptomh'ss 
leaves have proved infectious, 

A second symptom express(‘d in the same plant line consists of more 
or less cl(‘arly defined rings, erratic wavy liiu's or watermark typ(‘s, 
and oak-leaf patterns (fig. 1, J>). White has illustrated this symptom 
type {23, figs, 2, G; S, C; 4, E), and Valleau’s (18, fig. 20) rose virus 
patterns are also of this order. Old leaves that have developed in the 
greenhouse during the summeu* months sometinu's have slumui i^xtin- 
sive grayish-yellow areas with green islands (fig. ], E). (Sittings from 
the type mosaic-affected Mme. Butterfly grown in the field at the 
Arlington Experiment Farm, Arlington, Va., showed striking ytdlow 
vein-banding patterns in May 1934 (fig. 1, //). This symptom was 
expressed only in known mosaic-affected plants and was* absent from 
healthy plants of Mine. Butterfly of the same age that had b(»en 
grown adjacent to the affected plants. 

AH the mosaic symptoms in Mine. Butterfly described above have 
appeared in a single plant line. No evidence of mixture of two or more 
viruses in this line has been detected in a larg(‘ number of inoculations 
to various types of roses and subinoculations back to Mme. Butterfly 
(sec table 5). It is therefore assumed, in the absence of any (‘videmee 
to the contrary, that the several symptom types mentioned* above are 
responses to infection with one virus, namely, the rose mosaic of 
White. 

The symptoms described for Mme. Butterfly include nearly all the 
types known to be expressions of typical rose mosaic in the genus 
In Ophelia, Radiance, Rapture, and Templar, symptoms are essen¬ 
tially the same as in Mme. Butterfly, the chlorotic patching about the 
midribs predominating. In Briarcliff, Columbia (fig. 1, C), George C. 
Waud, Odorata (Rosa odorata Sweet, P. I. 22994; fig. 1, B), Talisman, 
and The Queen, symptoms arc similar but less conspicuously developed. 
The w-atermark type and the field expression of prominent yellow 



Fkjure 1 .—Symptoms of typical rose mosaic. A, Characteristic symptoms in 
Mine. Butterfly; if, in Odorata; C, in Columbia; I)f ring and watermark pat¬ 
terns in Mine. Butterfly; B, dull-yellow blotching with green islands in 
Mine. Butterfly; F, watermark pattern in Paul's Scarlet Climber; (7, dull- 
>Tllow watermark pattern in field-grown Odorata; ii, yellow vein banding in 
ncld-grown Mme. Butterfly. C and F, Experimcntallv pi’oduced: othm# 
natural infections. ‘ ^ 
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vein banding have appeared in Briarcliff also. In Blaze, Conrad 
Ferdinand Meyer,Ducnessof Wellington, Joanna Hill, Kaiserin Auguste 
Viktoria, Mme, Berthe Fontaine, Mrs. A. R. Waddell, Mrs. John 
Laing, PaiiPs Scarlet Climber (fig. 1, F), R. hugonis Hemsl., R, nutkana 
Prcsl., R, wichuraiana Crop., Souvenir de Claudius Pernct, and Ulrich 
Brunner, only the oak-leaf-watermark-ring symptoms have been 
observed. Subinoculation from mosaic-affected plants of the varieties 
named to healthy Mine. Butterfly always produced symptoms com¬ 
parable to those in the type plants of affected Mme. Butterfly. 

Mosaic has been exptTimen tally produced in the understocks 
Canina (Rosa canina L.), Manetti (a variety of R. uoisettiana Thory), 
Multiflora (R. rnidtiflora Thunb.), Odorata, Ragged Robin (Gloiro 
des Rosomanes), and Texas Wax (R. rmiltifloraXR- chivensis). 
Natural infection has been demonstrated in Manetti, Odorata, and 
Ragged Robin. In Manetti the symptoms include chlorotic patching 
about the midrib and also watermark patterns (fig. 2, B). Expression 
of thes(i symptoms is the (»xce})tion rather than tlie ruh' under gr(*en- 
houso conditions, even in plants ])roved to be jnosaic-affected. For 
example, in 28 healthy Manetti plants budded to known mosaic hybrid 
teas during April and May 1934 and grown continuously in th(‘. gr(‘(‘n- 
house, mosaic symptoms were first recognizable in 3 plants on April 9, 
1935, nearly 12 months after inoculation. Of the remainiTig 25 plants, 
] showed mosaic symptoms on June 19, 4 more on July 19, 3 on August 
7, and 1 on September 6, 1935. In all, 12 of the 28 plants in this trial 
showed evidence of mosaic within 19 months after budding. All buds 
lived and developed into shoots, and all these scion shoots expressed 
symptoms. In general, the more vigorously growing Manetti plants 
were more likely to express symptoms. No resistance is b(4i(‘ved to 
be involved here, but meu’ely irregular (expression of symptoms. When 
cuttings were rooted from symptomless plants thus inoculated and buds 
from healthy Mme. Butterfly were set in these rooted cuttings, tlu'y 
developed into typical mosaic-affected shoots. Similarly, buds from 
the symptomless Manetti induced mosaic in Mme. Butterfly plants 
wIk'ii set in the canes of that variety. Alanetti is thus shown ca])able 
of masking mosaic under greenhouse conditions. 

Diagnosis of mosaic in Manetti in the field is (*vcn h'ss trustworthy 
and is complicated by the frequent occurrence of the (Tinkle or 
^‘rattlesnake’’ symptoms (fig, 2, ( 7 , D, E), which are not transmissible 
to hybrid tea roses but are more conspicuous than true rose mosaic 
symptoms in Manetti. White’s illustrations of mosaic in Manetti 
U D, E) correspond more closely to the crinkle type than to 
rose mosaic symptoms. 

Odorata develops chlorosis and puckering near the midrib or on the 
larger branch veins (fig. 1, B). This symptom is similar to that 
typically expressed by BriarcliflT. The pattern is developed both 
under glass and in the field with more constancy than are symptoms 
in Manetti. Watermark patterns may also occur (^s/fig, 2, O). In 
the field a dull-yellow watermark has appeared (fig. 1, O) in mosaic- 
affected Odorata. 

Rosa multifiora develops ring patterns or watermark types, the 
prevailing pattern varying with the strain of this understock. Both 
the Japonica and the Chenault strains of R, multifiora have expressed 
symptoms regularly in the greenhouse, and diagnosis from symptoms 
expressed in the field has proved fairly accurate. The speckle type 
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J^ininiE 2 ~ Mosaic and crinkle in Manetti. -1, Healthy specimen; /i, mosaic- 
affected specimen from greenhouse, showing faint watermark patterns as well 
as typical mosaic synmtoms; C\ D, E, crinkle or ‘^rattlesnake” patterns in 
Uregon field-grown Manetti. Natural infections. (Photograph bv F P 
McWhorter.) " ’ ’ 


630 


Journal oj Agricultural Research 


Vol. 01, No. 9 


(see fig. 8, A; also 23, jig, 2y By E) lias not appeared consistently in 
Multiflora plants budded to mosaic, and when appearing naturally 
has not proved transmissible to Mine. Butterfly. 

Ragged Robin, when experimentally infected, showed inconspicu¬ 
ous watermark patterns in a few leaves and occasional weak expres¬ 
sions of typical symptoms. The chlorotic speckle pattern common in 
Ragged Robin has not proved transmissible to Mme. Butterfly. The 
weak expression of mosaic symptoms in this variety and the prevalence 
of a distinct and apparently innocuous spec^kle present problems of 
diagnosis closely comparable to those in Manetti. 

Texas Wax developed occasional well-defined watermark patterns 
after bud inoculation. Experimentally infected plants, when trans¬ 
ferred to the field, showed a dull-yellow watermark similar to that 
expressed by Odorata. Marked crinkling and dwarfing of leaflets on 
vigorous young canes, common in Texas Wax in the vicinity of 
Washington, has not been found transmissible to hybrid tea roses. 

The type symptoms of rose mosaic remain clearly defined in leaves 
of Mme. Butterfly and Odorata that were pressed 5 years ago. Like¬ 
wise oak-leaf patterns in C. F. Meyer and George C. Wand are readily 
recognizable after a like interval. 

YELLOW MOSAICS 7 

Five collections of mosaic from naturally afleeded roses differed 
from the typical rose mosaic in symptoms. The sour(‘es of the yellow 
types were Talisman from Rockville, Md.; C\ F. Meyer from New 
York, N. Y.; Margaret McGredy from West Grove, Pa.; and Irish 
Charm and an unnamed hjdirid perpetual rose from gardens at the Ar¬ 
lington Experiment Farm, Arlington, Va. The Rockville collection was 
from a greenl louse; all othersw'ere from the field. In (‘.ach instance a single 
affected plant w^as found among many plants free from mosaic sym})- 
toms. The symptoms expressed in the original afi’ected ])lants and on 
transfer to Mme. Butterfly differ from the typical rose mosaic chielly 
in color. The chlorotic areas are in general a brighter and lighter 
yellow than in typical mosaic ^ and are often extensively developed 
and very conspicuous. In most varieties and most strains there is 
less tendency to puckering of the leaves in the yellow^ types, but one 
of the Arlington farm collections may produce marked puckering. 

Comparison of the five yellow^ mosaic collections in Brian liif, Mme. 
Butterfly, C. F. Meyer, Margaret McGredy, and Talisman over a 
period of a year or more showed differences among the yellow' tyi>t'^^- 
No two of the five yellow^ variants were alike in symptom exjiression 
in all five varieties. The observed differences were of the order com¬ 
monly used in distinguishing strains of a virus. The Talisman strain 
induced bright conspicuous symptoms in most varieties (fig. 3, A, 7i), 
and was distinct from typical rose mosaic in all varieties except Paul’s 
Scarlet Climber. In Briarcliff it often produ(*ed bright-yellow' blotch¬ 
ing in young canes. In one Multiflora seedling it produced tan 
streaks and patches in the bark of young canes, dwarfing of both 

^ Thomas and Massoy (17) distinguish rose mosaics 1, 2, and 3 Their rose mosaic 1 is evidently W’hite’s 
rose masaic (the writers’ “ty[»ical rose mosaic”). Their rose mosaics 2 and 3 are similar to those tho writers 
have termed “yellow mosaics.” 

8 L. C. C. Krieger made the following matched-color readings in Maerz and J’aiil (10). Yellow mosaic 
(Talisman strain) in Briarcliff leaves: M. and T. 1UK2 (specimen not quite as bright); normal leaf about 
M. and P. 23L8. Typical mosaic In Briarcliff leaves: M. and P, 22 between K and L6; normal leaf M. and 
P. 23L7, a little greener. Typical mosaic in Mme. Butterfly leaf; M. and P. 22L6; normal leaf M. and P. 
23L between 7 and 8. Dull-yellow pattern of typical mosaic in old leaves of Mme. Butterfly: M. and P. 
2013, specimen a trifle grayer; normal leaf near M. and P. 23L7. 
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leaves and shoots, and dieback, in addition to yellow watermark 
patterns. Tan eane lesions developed in Bosa nutkana also. The C. F. 



Fit<URE 3. -Symptoms of yoHo^^ mosaics: A, Talisman strain in Mine. Butterfly; 
Bt Talisman strain in Briarcliff: C, one of two Arlington farm strains in the 
source plant, an unnamed hybrid iK'rpetual variety. and B, Experimentally 
produced infections; specimens from greenhouse; T, natural infections, 
specimens from field. 


Meyer strain expressed distinctive virus patterns in Briarcliff, C. F. 
Meyer, Mnie. Butterfly, and Margjaret McGredy. The Irish Charm 


632 


Journal of Agricultural Research 


Vol. 01, No. 9 


strain developed watermark patterns in C. F. Meyer, Margaret 
Mcdredy, and Talisman, but no distinct evidence of infection in the 
other two test varieties. In the source plant it developed prominent 
yellow blotching and ring markings without distortion of the leaflets. 

The Margaret McGredy strain was recognizable as a yellow variant 
of rose mosaic in all test varieties. The strain from an unnamed 
hybrid perpetual rose from the Arlington fann (fig. 3, C) gave strik¬ 
ingly conspicuous symptoms in the source plant. In the test varieties 
it was hardly recognizable as a virus disease except for inconspicuous 
watermarking in Briarcliff and necrotic effc^cts in Talisman. In 
Talisman it behaved much like rose streak, involving ruicrosis of the 
bud followed by general dieback and death of the plant. Failure to 
produce streak effects in Briarcliff and Mine. Butterfly distinguislu's 
the strain from the streak disease, however. This test was repeated 
three times, and in each of the four trials Talisman died, with similar 
symptoms. 

Differentiation of strains in the rose mosaic group is of no particular 
importance and there is no assurance that they are strains of oiu^ 
virus. The tendency of some* well-defined yellow mosaics to r(*v(‘rt 
to crinkle symptoms in certain varieties is, however, int(‘resting. In 
view of this behavior it would not be surprising to find that some of 
the crinlde symptoms in hybrid perpetuals (see fig. 8, B) r(‘.pres(uit 
transmissible types, althougli the writiTs have not beem abl(‘ to demon¬ 
strate it. Evidently Briarcliff and Mine. Butterfly are not particu¬ 
larly responsive as t(;st varieties for possible virusc's of tlu^ crinkh» ty pe. 

White’s '^albication of Golden Ophelia” app('ars from his illustratiorj 
{2S, fig, E) to be a characteristic yellow mosaic. Milbrath s 
‘hdbication of Souvenir de Claudius Pernel” fig, 126) also ap])ears 
to b(‘long to this group, showing distinct oak-leaf margins betw('(‘n 
the yellowed and green leaf areas. The* writ(‘rs have bec^n unabh* to 
get material of eitlua* of tlu'se earlier r(*])orted yellow mosaics for 
comparison. 

ROSE STREAK 

Rose streak disease, which previously has been describ(‘d briefly 
{2), was first noticed at the Arlington farm in the lat(‘ summer of 11)33. 
It has since been found at Beltsville, Md., Washington, 1). C., and New 
York, N. Y. Characteristic symptoms wer(‘ noted at the Arlington 
farm in October 1934, in 60 varieties of rose, including t(»as, hybrid 
teas, hybrid perpetuals, hybrid multifloras, hybrid wicliuraianas, 
hybrid rugosas, hybrid Bengals, Noisettes, Chinas, an<I polyanthas. 
Specimens submitted from Texas by J. J. Taubenhaus and E. W. 
Lyle showed typical streak symptoms. Subinoculation from Lyh*’s 
specimens of the Edel variety, showing ring symptoms in both canes 
and leaves, produced the characteristic symptoms of this disease in 
Mme. Butterfly. 

Symptoms of three classes have proved rtdiable for diagnosis of 
streak: (1) Brownish rings (fig. 4, A) and brown vein banding (fig. 
4, B) in fully expanded leaves, usually accompanied by brownish or 
greenish, oft(ui water-soaked, ring patterns in canes (fig. 5) (the cane 
symptoms have been reproduced in experimentally produced streak 
infections in Odorata, Multiflora, and Silver Moon under glass, but 
they are less conspicuous and the coloring is more dilute than in the 
field); (2) green senescence designs similar to the brown patterns 
(fig. 4, B, ( 7 ), which are oft<m expressed in leaves that are later pro- 
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maturely abcised; and (3) a yellowish-green vein banding (fig. 4, D) in 
certain hybrid niultiflora and hybrid wichuraiana roses. This symp¬ 
tom is usually accompanied by greenish water-soaked rings or dull- 



FKiURB 4.- Leaf symptoms of rose streak: A, Brown rings in Odorata; B, dis¬ 
continuous i)rown vein banding and senescence patterns in Van Fleet Hybrid 
No. 36; C, senescence patterns in Odorata; I), yellowish-green vein banding in 
Jean Girin. All natural infections; specimens from the field. 

brownish rings in the canes (fig. 5). White's figures of ‘‘vcinal 
chlorosis" fig. J, JB, C, D) strongly resemble this streak symptom, 
but White did not report cane symptoms. A plant of the hybrid 
rugosa rose Sarah Van Fleet, showing a bright-yellow mottling in 
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loaves but no cane lesions, yielded only streak on subinoculation to 
Mine. Butterfly. The rugosa group seems the most difficult of the 
common garden types in which to diagnose streak, but some varieties 
show well-defined cane symptoms when affected. 

In addition to these streak symptoms found in affected roses in 
nature, an experimentally produced symptom deserves mention. 
When streak-affected buds are set in canes of certain hybrid tea roses, 
such as Briarcliff, Mme. Butterfly, Ophelia, and others, the stock turns 
nearly black» and necrotic (fig. 6) about the inserted bud soon after 
union has been established. 

Sometimes nearly black, necrotic secondary lesions appear on young 
lateral branches arising below the inserted bud (fig. 7, A). Commonly 



PkjCue 0. -Primary nocrotic lesions of rose streak in Mme. Butterfly and Briar- 
clitf. yl, Jiy Cf Mme. Butterfly canes budded with Odorata November 6, 1934: 
Odorata is healthy in yl, streak-affected in iiand C. D, Ey Briarcliff: 1), Budded 
witli streak-affected Miss G. Mesinan October 5, 1934; Ey budded with streak- 
affected Silver Moon December 5, 1934, Photographed January 31, 1935. 

th(‘ stem is girdled at the site of the bud, and the distal parts die and 
the leaves wnther but persist (fig. 7, 7i). This is a necrotic primary 
h'sion in the cane, and the virus is capable of limited further movement 
und(U’ favorable conditions. Such effects have not bc^en recognized in 
nature, but if natural spread of the streak virus were taking place, 
comparable but perhaps smaller primary lesions of this type should 
appear in varieties of this group. 

» L. C. C. Krieser iimdc the following matched-color readings based on Maerz and Paul {10) and on Ridg- 
way (/4). Streak in Mme. Butterfly cane. M. and P. 56L1 (specimen very much darker): Ridgway 13M, 
maroon (specimen very much darker). Streak in Multiflora canes, M. and P. 56L1 (specimen darker); 
Ridgway 13M, maroon but with more black in it. Streak in R, wichuraiam canes, M. and P. 6L10 to a 
rifle lighter upwards on the cane; Ridgway 15K, morocco red (specimen a little lighter). 
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VIRUSLIKE PATTERNS NOT FOUND TO BE TRANSMISSIBLE 

Various crinkle types, often accompanied by dwarfing and twisting 
of leaflets and whole leaves, have proved nontransmissible to hybrid 
teas in trials by the writers. Most important is the crinkle type in 
Manctti, known in the Northwest as rattlesnake” (fig. 2, C, D, E). 
Mild symptoms consist of yellowish-green speckling without distortion 
or dwarfing of the leaves; the spots are small and angular and may be 
very densely distributed without consistent association with the vein- 
lets. A more severe expression involves crinkling and distortion of the 
leaflets, especially at the tips. The most striking expression of this 
series of symptoms includes marked dwarfing of the leaflet, puckering 
throughout, and frequently twisting of the petiole. 

Odorata and Texas Wax often display conspicuous dwarfing, puck- 
(‘ring, and twisting of leaves in zones a foot or more in length on vigor¬ 
ous canes. Although chlorotic expressions are less evident in these 
stocks, the symptoms mentioned appear under similar conditions and 
se(un to belong to the same series as the Manetti symptoms described. 
A inisalinement of leaflets without dwarfing is a milder expression 
commonly app(‘ariiig at eith(»<r end of a zone of severe symptoms. In 
Multiflora the faulty alinement of leaflets on petioles and twisting of 
petiole's also occur under conditions that permit de'velopment of ^‘rat- 
tlesnake” in Manetti and its counterparts in Odorata and Texas 
Wax. Chlorosis arui dwarfing do not commonly accompany this twist¬ 
ing in Multiflora. 

Attempts have been made to correlate the crinkle type in Manetti, 
Texas Wax, and Odorata with environmental factors. In the spring of 
1934 Manetti from two sources was brought at intervals from cold 
storage into a cold propagating house. Crinkle or ‘^rattlesnake” was 
v(*ry pn'valent in March, but plants moved to a warmer greenhouse 
(lev('loped normal new foliage. Later plantings of similar stock showed 
milder crinkh* in the propagating house. A lot of Manetti, removed 
from cold storage on \larch 23, developed normally in a warm green¬ 
house ])ut expressed some crinkle in a cool house and in an outdoor 
frann*. Field expression of the crinkle type has shown a marked 
t('ndency to show zonation characterized by series of crinkled leaves 
alternating with series of normal leaves on the same cane. This sug- 
gt'sts a (controlling environmental factor that fluctuates periodically, 
such as temperature, light intensity, or moisture. However, no clear 
ndation with such environmental factors was detected in a prelim¬ 
inary study of the development of zonation in field Manetti. 

Alanetti, Texas Wax, and Odorata stocks all showced a marked tend¬ 
ency to develop crinkle when grown under cheesecloth shade on low 
land at the Arlington farm. Manetti of Oregon, California, and 
English origin showed crinkle August 14, 1934, 6 weeks after being 
moved to this site. Texas Wax, Odorata, and Odorata seedlings sim¬ 
ilarly expressed crinkle in the new growth produced after establish¬ 
ment on this shaded site. However, cloth houses on a hillside at 
Beltsville, Md., failed to induce typical (Tinkle. Shade is evidently 
not the sole determining factor in the expression of this symptom. 

Interest in the factors that determine the exi)ression of crinkle 
declined with the accumulation of evidence that this symptom is 
unrelated to rose mosaic. Healthy Mine. Butterfly budded into the 
Manetti stocks mentioned hero and into other lots with crinkle history 
developed into mosaic-free plants. Crinkle might be the expression 
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of a virus disease that the writers have failed to detect because the 
test plants used (chiefly Briarcliff and Mme. Butterfly) were not 
suited to its expression. If such is the case, the expression of symp¬ 
toms in Manetti is vovy sensitive to environment, and the virus is 
exceedingly widespn^ad in rose stocks. Until some evidence of virus 
etiology is advanced, the writers prefer to interpret the trouble as a 
direct environmental effect. The original interest in crinkle or 



Figuke 8.—Symptoms suggestive of virus diseases but not found transmissible 
to hybrid tea roses: yl, “Speckle” type in Multillora from greenhouse; B, 
mosaiclike pattern in unnamed hybrid perpetual rose from fi(*ld. 


'^rattlesnake/^ is attributable to three factors: (1) The symiitoms sug¬ 
gest virus etiology; (2) investigators obstM’ved crinkh^ appearing in 
Manetti as a sequence to mosaic inoculation, or observed mosaic 
appearing in roses worked on crinkled stocks; and (3) surveys, con¬ 
ducted in advance of adequate research, revealed that crinkle was 
common where mosaic was believt^d to be common. The siH'ond of 
these factors may now be explained. Since in Mam^tti crinkh^ is 
more common and more easily diagnosed than mosaic, one would 
expect mosaic to occur occasionally in crinkled Manetti, but no higli 
correlation should appear between crinkle arnl mosaic content. 
Again, if mosaic is budded into Manetti the true symptoms (fig. 2, B) 
are usually inconspicuous and irregularly expressed, i)ut crinkle 
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patterns (fig. 2, C\ />, E) may appear whenever the environmental 
conditions arc suitable. 

The commercial importance of crinkle types in rose understocks 
depends on the effect of this peculiarity on their performance as under¬ 
stocks. If crinkh^i Manctti is as well suited as symptomless Manetti 
for use as a stock for hybrid tea roses, then crinkle is of technical 
int(‘rest only. No critical test of this point has been made, but grow¬ 
ers^ trials have shown no conspicuous difference in performance of 
crinkled as compared with symptomless Manetti. The writers’ 
experience has brought to light no adverse effects in hybrid tea roses 
workfed on stocks with crinkle history, but a carefully designed experi- 
inoni would be necessary to determine whether there is any detectable 
difference in merit as stocks between crinkled and normal-appearing 
Manetti. 

A spc'ckle type in Multiflora has appeared sporadically in the field 
and uiuhT glass in the writers’ material (fig. 8, A). Affected heaves 
ar(\ thickly sprinkled with angular cldorotic spots of varying siz(*. 
Th(‘ leaflets are often dwarhal but do not show the characteristic 
puckering associated with crinkle or ^‘rattlesnake.” Speckle is 
typically expressed under glass, but “rattlesnake” is largely suppressed 
and oidy the mildcT pliases becom(‘ evident undcu* the writers’ green- 
lioiise conditions. Tliirty-seven of :120 seedlings raised from speckled 
Multiflora parents show(‘d speckle in turn. This symptom appeared 
in seedlings grown continuously under glass as well as in those grown 
in tlie op(»n. Kagg(‘d Robin may also di'velop a similar chlorotic 
spotting under glass and in th<‘ field. 

Table 1. - Jtose aperies and varieitcs showing symptoms suggestive of virus (iiscasc 
hut producing no mosaic symptoms in Bnarcliff or j\fmc. Butterfly when budded 
into one or both varieties 


S<nir(r I Source l<K*aliiy ! Symptoms in sourw plant 


BnarclilT . . Arliriffton. Va . - Speckle 

Uo Kockville, M<1 - • J)o. 

Dr Eckener West (trove, I*a - ' Do. 

Julia ('oiinless D’Ortip Vinelaiul, <»nt (’nnkle. 

Mine Berllip Fontaine • Arlinirlon, Va Do. 

Manetti . . do ■ Do. 

Do. .. ' l>o\lestown. Fa . Do. 

1)0. - IIillslKiro, Ores -- ! Crinkle (lip *J, (\ />, /;) 

Mrs F. K. Fierson . ArlinpUm, Va . ..... j Speckle, stri|)ed flower. 

Mrs John Lamp. . Vmeland, Out ' Crinkle. 

Odorala. . . i Arlmpton, Va .. . .. I Do 

Do. . . 1. do -- - , Alhieation, 

Happed Rohm ... . L do . ’ SixH'kle. 

ftosa (UlM-rtt - _ - Beltsville, Md __ : Crinkle. 

Ji. sptnostftvna alfntca Helni . . L, do. . ... | Do. 

H.caninah ... .... ’ Arlington, V a .. . - - i Alhieation. 

R. multtflora Thunh ...do . . _ . _ - i Crinkle 

Do , . do - - . - I Sl>eckle (fig. s, .D 

R, ntUkaiia Vres] .. .. _..j nill.shoro. Orcg . _ .1 Do. 

R. pisocarpa Qt ... . . . .. | Beltsville, Md ... . . .... Crinkle. 


R. ruQona Thunb. \ar. hfterophylla i West (Irove, Pa .. . . ; Crinkle. 

nrt. 


R, intlmoitine ilernsl , Wast Drove. Pa _ . | Speckle, vein clearing. 

R. xanthinalAniA) . . New York, X. Y. ' S|)ockle. 

Striped La France . Arlington, Va.. j Crinkle. 

Texas Wax... .. do. .. .... . ! Do 

The Queen. . Madison, N. J. . . .; Sjieckle. 

Ulrich Brunner _ ... . Ithaca, N. Y .. ...i Do. 

White Maman Cochet_ .. . Arlington, Va . ... Crinkle. 

York and Lancaster . West Grove, Pa. , .. S|ieckle, striped flow er. 

Unnamed. . ... Beltsville, Md.. . Crinkle. 

Do.. . „ .do. ... Vein clearing. 

Unnamed (tl varieties). Arlington, Va... Crinkle (fig. 8, h). 
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Speckle and crinkle symptoms occur in hybrid tea and hybrid 
perpetual roses in the field and less commonly and less prominenlly in 
the greenhouse. A number of rose species and varieties showing such 
symptoms are listed in table 1. None of the source types listed there 
have induced distinc'tive symptoms in healthy Briarcliff or Mme. 
Butterfly. Although this is certainly not conclusive evidence that 
these symptoms do not represent virus diseases, it is convincing proof 
that they arc’s not symptoms of rose mosaic. As suggest( h 1 in the 
section on ycdlow mosaics, some of the crinkle patterns in hybrid 
pcu’petuals may prove to be virus diseases. 

EXPRESSION OF SYMPTOMS IN THE FIEI.D 

In H}il4 roses of 5 varieties, experimentally infected witli mosaic in 
the grc'cnhouse, wnu’c grown in the field at the Arlington farm to deter¬ 
mine the reliability of symptom expression in known mosaic-affc'cted 
material. The plants were examined at intervals for iwognizabhi 
mosaic symptoms. During the season 12 of 20 Briarcliff ])lants, 27 of 
27 Mnu'. But terfly, 3 of 4 Canina, and 5 of 50phelia expressed symp¬ 
toms sufficiently distinct for reliable diagnosis, and one mosaic- 
affected Duchess of Wellington failed to do so. In the same season 4 of 
B mosaic-affected Canina in a cloth house developed distinctive* oak- 
leaf and wat(*rmark ])att(‘rns. 

In 1935, a similar experiment was set up at Beltsville, Md., and 
observed through 1936 and in part through 1937. The observations 
on ex])ression of rose mosaic are summarized in table* 2. The niimher 
of plants observed in this experiment chaiip'd as individuals di(‘d and 
as additional plants w(*re S(d from lime to time. The numl)(*r showing 
symptoms varied as new leaves developed and old l(*aves wen* lost. 
Thus a plant might sliow symptoms at one Heading and none at tin* 
next. 

In a parallel trial the Talisman strain of ycdlovv mosaic (*x|)r(‘ssed 
recognizable symptoms in single plants of Briarcliff, (’’anina, doanna 
Hill, Mme, Butterfly, Multiflora, Odorata,and Texas Wax with great 
regularity; in Manetti symptoms were recognizaldc* on two of the live 
dates of observation;in Ragged Robin symptoms wen* not re(*ognized. 
In a further parallel trial, single plants inoculated with buds from 
streak-aflecled Silver Moon were observed through thr(*(* S(‘avSons in 
the field. Texas Wax expn*ssed streak symptoms at thr(*e dat(*s out 
of five; Multiflora showed symptoms once; Canina, Joanna Hill, 
Manetti, and Ragged Robin remained symptomless throughout the 
period of observation. 

It is clear from these n'cords that symptom expression is uncertain 
in plants knowm to be infected wdth mosaic. Symptoms of the Talis¬ 
man yellow strain are more regularly cxpress(*d, but still may be lacking 
in Manetti and Ragged Robin. Streak expression is erratic even in 
Texas Wax and Multiflora, while no expression of symptoms was 
detected in Canina and Manetti, which are susceptible to systemic* 
invasion. The performance of Joanna Hill and Ragged Roliin has 
less bearing on the question of symptom expression since these varieties 
have not been shown to be susceptible to streak. Diagnosis of the 
diseases in these trials was hampered by slow growth of the plants 
during dry weather and by loss of leaves from leaf diseases at times. 
Such conditions may be encountered in commercial rose culture also, 
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and the trials are thus probably representative of what can be expected 
in the diagnosis of mosaic and streak in rose nurseries. 

Table 2. — Symptom expression of rose mosaic in the field at Beltsvillef Md.^ in 
plants experimentally infected when set in March 1935^ or later 



June 7, 

Aup. 21, 1935 

Oct 12,1935 

Sept. 9,1939 

Oct. 30, 1937 

VflrU*ty 

Plants i 

Plants 

Plants i 

Plants 

Plants 

Plants 

Plants 

Plants 1 

Plants 

Plants 


oh- 

alTect- 

ob- 

affect- 

ob- 

affect- 

Ol)- 

affect -1 

ob- 

affect- 


served 

ed 

served , 

ed 

served 

ed 

served 

ed 

served 

ed 


Numher 

Number 

Nuniher 

Nuviber 

Number 

Number 

Number 

Number 

Number 

Number 

TlriarplilT.- 

3 1 

1 

2 

1 

3 

3 ! 

2 

2 



Canina 

.3 

3 

3 

2 

.3 

2 

3 

3 

3 

1 

Joanna Hill-- - . 

1 

0 j 

1 

0 

3 

0 

2 

1 



Mine. Butterfly , 

3 

3 

3 

2 

^ \ 

3 

2 

2 



Manetti — - 

3 


3 

2 

3 I 

0 

3 

1 


0 

Miiltiflora--. 

1 

(1 

2 

] 

1 2 1 

2 

2 

1 

2 1 

2 

Odorata - 

Kagged Kobin_ 

3 

1 

1 d 

1 

3 

1 

3 

3 

1 I 

3 

3 

1 

0 

1 



'Pexas Wax , 

3 ! 

1 

I 1 

3 ! 

3 

3 

0 

3 

3 

3 

0 

-- - - 

1 

1 


- 


- 

— 

— 

_ 

— 


DISTRIBUTION AND PREVALENCE 

Naturally occurring rose mosaic from 20 sources has l[)een confirmed 
by transfer to h(‘althy Mine. Butterfly. These sources include 17 
varieties of roses and rose stocks (Blaze, C. F*. Meyer, Duchess of 
Wellington, (leorg Arends, (Jeorge C. Woud, Irish Charm, Joanna 
Hill, Launuit Carle, Mme. Butterfly, Manetti, Margaret >lcGredy, 
Mrs. F. R. Pierson, Odorata, Ragged Robin, Talisman, Templar, and 
one unnamed). Seven States (New York, New Jersey, Pennsyl¬ 
vania, Maryland, Virginia, Oregon, California) and the Province of 
Ontario were n^presented. Five of the 20 collections were yellow 
typ(»s, which consistently diflen'd in symptoms from the typical 
mosaic; the* remaining 15 sources were indistinguishable from the type 
on transfer to Mme. Butterflj^. This evidence supports the general 
vi(»w that rose mosaic is widespread. Be(*ause of the systemic nature 
of the disease and th(‘ geiu'ral shipment of roses and rose understocks, 
mosaic may be ('xp(»cted to appear sporadically throughout this 
country and elsewhere. The writers' samples are believed to be 
representative of rose mosaic in the United States and Canada, and 
except for lh(» yellow variants there is no evidence that the type of 
mosaic varies from one section to another. 

Previous survey records of the prevah*nce of rose mosaic are now 
open to question,since crinkle and speckle symptoms were previously 
accepted as characteristic of rose mosaic. In the field the more common 
understocks, Manetti, Mvdtiflora, Odorata, Ragged Robin, and Texas 
Wax, all commonly express symidoms which suggest virus patterns 
and which were formerly accepted as evidence of rose infection. 
For example, in a collection of supposed mosaic-affected stocks 
assembled at the Arlington farm prior to 1938, indexing by means 
of Briarcliff and Mme. Butterfly buds revealed 1 mosaic-affected 
plant in 89 Manetti, 1 in 21 Odorata, and no mosaic presemt in 27 
Multiflora or in 14 Texas Wax plants (table 3L It was therefore 
thought desirable to index samples of commercial understocks to 
determine the percentage of typical rose mosaic naturally occurring. 
Indexing was carried out either by rooting the cuttings under test and 
budding them to healthy Mme. Butterfly (fig. 9) or budding from the 

41-2 





Figure 9. - Hualtliv Mme. TUitterfly l)iKi<lod on Manetti to test for presence of mosaic in this stock: A is affected with 
mosaic. and C are normal. Hudded June 4, 1934, in 6-inch pots. Photographed August 30, 1934. 
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lest stocks into canes of healthy Mine. Butterfly. Index tests were 
kept under observation for several months, or longer than was required 
for expression of symptoms following transfer of known mosaic- 
affectc'd buds undc'r comparable conditions. The period necessary 
for expression of symptoms varied with the growth rate of the plants 
under test and with other factors. 

The results of indexing understocks are shown in table 3. No 
mosaic was found in 103 Texas Wax and 27 Multiflora plants. One 
of 21 plants of Odorata proved to be affected, and 3 Ragged Robin 
plants of 208 had mosaic. Two large lots of Manetti proved to be 2.9 
and 12.8 ixTcent affected, and two others w'ere less than 1 percent 
aff(‘ct(»d. In addition to the Manetti tabulated (table 3), 1 of 55 
Joanna Hill plants and 5 of 31 Templar plants, received from a 
(^ilifornia nurs(*ry as ‘‘dormant buds'^ in Manetti, show’cd mosaic 
when th(‘S(‘ buds expund(Kl. No mosaic was found in samples of the 
Shaft(‘r, (^dif., stock of 1933 after it had grown for 2 years at Babylon, 
N. Y., Hillsboro, Oreg., or Portland, Oreg. No evidence appeared 
frojn th(‘se t<‘sts to indicate that typical rose mosaic spreads in the field 
in Oregon or New York in the absence of budding and grafting opera¬ 
tions. Th(* pr(wal(‘nc(» of mosaic in understocks is somewhat lower 
than has been claimed, but still high enough to permit extensive spread 
by indiscriminate budding. The yellow mosaic types have been 
found as isolated plants only, as pnwiously mentioned. No yellow 
types were found in the* understocks indexed. 

TAHiiK 3.- PnvalcHcr of rose momic in understocks as detvnnined by budding to the 

Mme, Butterfly mnety 


Slock 

Source 


1 

Source 

year 

Idants 

inde\e<l 

Plants 
show inp 
mo.saic 





Xumher 

Xumbfr 

M.iiictli 




17 

0 

Du 

do - 


i 193(1 

24 

0 

Do 

' Ilill.shoro, Orc^' 


1939 

14 

1 

Do 

- do ... 


.! 1931 < 


0 

Du 

do . - - 


1933 

202 

1 

Do 

1 I’orilaiKl, Drofj 


; 19.t0 { 

2 

0 

Do 

(io .. 


1 1931 ! 

if) 

0 

Du . 

Irvmirtoii, ('ahf 


1 193.*) 

KO 

11 

Do 

Moiitehello, Culif . 


, 193.*) 

10,5 

3 

Do 

Slmftcr. (’alif .. . 


, 1932 1 

2S 

0 

Do 

1 do . -. 

.... 

, 1933 1 

l.V) 

1 

Do 

1 Shaffer, Bahyloii. X. V. 

(2 year'" 1 

1 19;t:) 

3() ' 

0 

Do 

Shnfler, 19:w. Hillsboro. Drep. 

(2 xears) 

■ mr^ , 

03 i 

0 

Do 

' Shiifter, 1931. Tort land. Drep 

(2 years) 

' 193.". 1 

47 1 

0 

1 )o 

' -Miscellaneous 


! 

H ; 

0 

Multiflora 

1 Texas 


i 1930 ; 

7 i 

0 

Do . 

\rlinpton. Va 


1 1931 

20 1 

0 

Ddonila 

Hillsboro, Diec 


19,30 ' 

a 1 

0 

Do . 

Ibirlmparne, Calif . . . 


, 1931) i 

!) i 

1 

Do 

, Sumner. Wash 


: 1930 . 


0 

i >o 

i \rlinptoii, Va 


1931 ! 

7 1 

0 

Kntrt'cd Rohm 

. Hemet, ('ahf 


' 193.*) > 

SO 1 

1 

Do 

Montehello, (’alif .. 


1 19.30 

i 

0 

Do,. . 

j Ontario, Calif .. 


1 lUS.*) ; 

74 j 

1 

Do, . 

1 Tiiente. Calif. 


i 1935 

41 1 

1 

Do . 

.. I Miscellaneous ... 


1 1931 1 

1 

0 

Texas Wax, . 

Scottsville, Tex . .. 


1930 i 

)■» 

0 

D(» 

1 do 


i 1934 f 

1 

0 


Str(‘ak of roses is limited in known distribution to Maryland, New 
York, Texas, Virginia, and the District of Columbia. The virus from 
some 30 source's has reacted uniformly, showing no evidence of dif¬ 
ferentiation into strains. This disease has never appeared in the com- 
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morcial understocks indexed, but has been demonstrated in Odorata 
and Miiltiflora growing at the Arlington farm. Streak was prev¬ 
alent at the Arlington farm in a collection of rose species and varieties 
later discarded. Thirty percent infection was recognizable in one 
collection of varieties said to have been acquired over a period of years 
from many nurseries. However, the possibility of increase by prop¬ 
agation on affected stocks cannot be entirely excluded. These 
circumstances suggested natural spread of the disease at the Arlington 
farm, but spread has not been proved. At Boltsvillo, Md., 80 healthy 
Silver Moon plants failed to show any symptoms of streak after 4 
years^ growth in the midst of a collection of 1,200 roses that included a 
considerable number of streak-affected plants, some of which were in 
contact with Silv(T Moon test plants. Present evidence, therefore, 
indicates that no natural spread of streak occurs, but the possibility 
remains that spread may occur in certain seasons or in other localities 

TRANSMISSIBILITY 

TRANSMISSION BY BUDOING AND GRAFTING 

Typical rose mosaic, yellow mosaics, and str(‘ak are r(*adily trans¬ 
mitted to susceptible roses by various methods of budding and graft¬ 
ing, but not by juice inoculation insofar as is known. Inarch grafts, 
patch grafts, splice buds, and T-buds have all provi^l effective when 
union was established. The last-named method lias used most 
(*xt(‘nsively b(*cause of its convenience. 

The int(*rval between budding and the appearance of the first 
recognizable symptoms of these dis(»ases is highly variable. During 
this period union must be accomplished, and the virus must increase' 
and move to a growing point in which young leaves are expanding. 
Cranes are of approximately the same stage' eif growth when suitable 
fe>r budding, but the' growth of the in.se'rte'el buel and shifts in shoot 
elominance after budding are' subject tei wiele variatiems. Appare*ntly 
the be'st circumstances for prom])t proeluction eif sympteuns incluele 
the rapid eleve'lopme'iit eif a yeiung late'ral sheieit close be'leiw the' trans- 
fe'iTcd buel. 

The sheirle'st ineubatieui pe*rie)els re’e'eireh'el by the write'rs feu* reise' 
mosaic are 20 elays for 1 ti’ansfer from Mine*. Butterfly tei Mine*. 
Butterfly, 22 days once', 20 days time's, and a large nuinbe*r of 
records of 28 to 49 days with otlu'r variety combinations. Unde'r 
unfavorable circumstance's, symptoms have' been de'layeel for 12 
months or more. 

For ye'llow mosaics the minimum obse'rve'd period was 17 elays for a 
transfer from C. F. Me'yer to Mine. Butterfly, with re'corels of 20 days, 
30 days, and many of 40 days for other combinations. Some yellow 
mosaic transfers were first e'vide'.nt after pe'riods of 0 anel 7 months 
under less favorable conelitions. 

For streak the shortest recordeel period was 18 days in a transfer 
from Van Fleet No. 40 to Briarcliff. Periods of 27 days were re'cordeel 
a number of times, and many of 40 days or less. A few instances of 
delayed expression of streak wen' observed also. There is no evidence 
here of important differences that might be helpful in distinguishing 
or separating the viruses. All appear to have about the same mini¬ 
mum incubation pf'xiod in a given variety, and in all the period is 
subject to wide variation according to variety, growth, food move¬ 
ment, and shifts of shoot dominance in the rose used as a test plant. 
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None of the throo typos of disease is transmitted if the diseased bud 
dies or is removed before union with the. test plant has taken place. 
In a seri('s of 18 Briarcliff plants inoculated by budding to Talisman 
alfected with ilui Talisman strain of yellow mosaic, no transmission 
resulted in plants from which the inserted mosaic buds wen* remov(*d 
after 3 days' contact, and none in 3 plants in which the buds died with¬ 
out forming a union during 16 to 25 days' contact. Twelve plants 
from which the affected buds were removed after 8 to 25 days all be¬ 
came inf(*cted with mosaic. No evidence of union was visible at the 
end of 4 days. After 8 days cell division was recognizable, and after 
12 days the buds were beginning to adhere to the stock. Symptoms 
appeared 1 month to oJa months after budding. 

in a similar experiment, 12 healthy Mme. Butterfly plants were 
budded with streak-affected Silver Moon buds, which were removed 
after intervals of 5, 10, and 15 days or left in place. Streak failed to 
develop in 3 plants from which the infected buds were removed after 5 
(lays. The 9 plants on which streak-aflected buds were left in contact 
for 10 days or more* all developed typical streak lesions in 3 months or 
l(*ss. C\‘ll division and adh(*sion of the bud to the stock were (*vid(*nt 
after 10 days' contact. Aft<*r ())«j months all streak lesions were re¬ 
moved by cuts 4)2 inches below the bud scars. No further streak 
symi)t()ms dev('loped ther(‘after. 

All attempts to transmit mosaic and streak by needle and rubbing 
methods hav(* faih^d, but these trials have hardly been sufficmntly ex- 
tt*nsive to be conclusive. No natural infection of mosaic or streak has 
app(m.r(*d in the writers’ eoll(»ction of roses in 5 years' observation, 
although knives and pruning shears have been used on diseased and 
liealthy roses without precautions against contamination. 

Seedlings from roses affected with mosaic or streak have never carried 
these diseases in the writers' trials. Twelve seedlings of Rosa 'ivkhu- 
raiaua, 1 of Silver Moon, 27 of Odorata, and 123 of Multiflora were 
grown from streak-affected paivnts, but showed no symptoms of the 
disease. All the panuit plants (*xcept Odorata W(»re proved to be 
affected by budding trials; the Odorata parent was diagnosed as streak- 
aflecttal from symptoms only. H(*althy Silver Moon was budded into 
9 of the Multiflora secnllings as a further ti*st for the pivsence of the 
streak virus in tiu'se set'dlings; th(*se Silver Moon buds grew into nor¬ 
mal, healthy plants. Small populations of se(*dlings have been grown 
from niosaic-aff*(‘cted plants of Mme. Butt(*rfly, but no mosaic ha& 
appeaivd in these. It is highly improbable that either mosaic or 
streak is seed-borne in roses. 

The Chenault strain of Multiflora is said to be the progeny, both by 
seed and by cuttings, of a single plant still growing at the United States 
Horticultural Station at Beltsville, Md. The parent plant and its 
v(^.getative progeny carry streak, as shown by symptoms and by bud 
transfer to Mme. Butterfly, Odorata, and Silver Moon; but seedlings 
from this plant have been uniformly free in the writers' experience. 
The presence of the streak virus in this importation, and in other intro¬ 
duced specimens of Rosa multiflora and R, saturata Bak., might suggest 
the possibility that the virus was imported in these species; but they 
are said to have b(*en brought in as seeds rather than as cuttings. 
Again, distribution of affected Multiflora cuttings or of Van Fleet roses 
worked on such rooted cuttings is a possible factor in the distribution 
of streak in this country. Regardless of whether these possibilities 
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roprosc'nt actual (jnitlis, it is obviously wise to rely ou s(hh1 propagation 
of understocks unless they are known to lx* virus-free. 

Confirmation of str(‘ak inf(*,clion in a variegat<*d vari(*ly of Bom, 
wkhurniana from the Arlington farm mad(* possible a striking d(‘mon- 

stration of the contrasting behavior 



Figuke 10.” Cage used in insect 
transmission exj)erinients: The 
barrel of the cage is of celluloid; 
the ends are covered witli ch<*(‘se- 


of a g(*netic varic'gation and a virus 
disease above and below a graft union. 
The vari(*gated and streak-affected 
B. wlc/inraiana, established as a scion 
shoot after budding into healthy 
Odorata, showed both the genetic and 
the virus patterns above tlx* union, 
but only the streak was transmitt<*d 
to the stock. This material is un¬ 
usually well suited for d(‘monstrating 
this standard test for transmissibility. 

TRANSMISSION E.XPEHIMKNTS WITH 
INSECTS 

Jnv(‘stigations to d(‘t(*rmin(‘ what 
insects might be capabh* of trans¬ 
mitting the mosaic and str(*ak (Us(*ases 
of roses were largely exjdoratory. An 
('tfort was made to test all pot(*ntinl 
vectors, chielly Ilomoptera, that oc¬ 
curred on ros('s or nearby vegetation. 
Such insect sp(*cit‘s W(*re obtained by 
freijuent colle(*tions in plantings of 
roses at the Arlington farm, from ]9»t2 
to 1935. Ck)llectioiis W(*r(‘ also madi* 
on survey trips to nurs(‘ri(‘s and green¬ 
houses in Maryland, P(*nnsylvania, 
N(*.w Jersey, New York, Ohio, and tlx* 
District of Columbia. 

The number of insects Ix'longing to 
species capabh* of br(*(‘ding on ros(‘s 
was increased by n'aring individuals 
in laboratory cages. Ins(*cts Ix'longing 
to other species di(*d within a short 
time if confin(*d to ros(*; therefore* tests 


cloth, and tlic lower end Is with such insects W(‘r(* restricted to 
wwefl to tnako a tight seal, material. All individuals 

' used m experimental tests were pre¬ 

served and identified by specialists.*^^ 
In testing for insect transmission, collected or reared ins(*cts wen* 
confined for 24 hours to several days on t(*nder growths of rose plants 
infected with eitlxu’ mosaic or streak; they were tlien transferr(*d to 
actively growing shoots of healthy plants, wheri*. they w(*re p(*rmitted 
to feed until they died, or else for a maximum period of 1 month. A 
celluloid cage was used to confine insects on t(*rminals of any length 


10 A. C. Mason, Harold Morrison, and T. W. Oman, Division of Insect Jdcntiflcallon, Ihircau of Ento¬ 
mology and eiani Quarantine 
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and was hold at any d(‘sir('d hoip:hi by nilibor liands against a stako 
thrust into tlu' pot of soil (fig. 10). Tlio bottom of tlio cage was closed 
by a piece of cheesecloth cut to the center, sew(*d in place around the 
stem and thence to the margin, and held in place by rubber bands 
placed over tlu^ branch before putting on the cage. A suction appara¬ 
tus was employ(‘(l for introducing or removing insects from the cages, 
except that aphids were introduced on leaves and removed with a 
l)rusn. In tlu‘ case of potted plants all transfers were performed 
within a transfer chamber to prevent the escape of insects. Most of 
th(' experiments were made on potted plants in the greenhouse, but 
some W(Te conducted on field-grown plants in cheesecloth cages. 
After all surviving insects had been killed by spraying with pyrethrum 
extract and the cages had been rc'moved, the plants were maintained 
in an actively growing condition for periods ranging from 8 to 26 
months, so (hat the* development of any disease symptoms might be 
observcnl. 

The insect spc'cic's and numbers of individuals used in 229 trans¬ 
mission ti'sts with rose' mosaic and in 152 tests with strc'ak are given in 
table' 4. No symptoms indi(‘ating transmission of edther disease' 
devc'lopc'd in any of the* exposc'd plants. The insc'cts testcnl included 
42 spc'cic's in the familic's Cicadellidae, Cercopidae, Membracidae, 
Arac'Opidae, Fulgoridae, Aphiidae, and C\)ccidae, in the order Homop- 
tera, and one spc'cic's of thrips (order Thysanoptera). As indicated 
in table 4, a number of species were not testc'd for transmission of both 
diseases bc'causc' tlu'se occurrc'd in vc'ry small numbers in the aiTas 
from which collc'ctions were made. It was not considerc'd practicable 
to rear such h'ss common spc'cic's in large numbers on their particular, 
favored hosts for more* c'xtc'nsive testing, since' it became increasingly 
evident that natural spread of the two di.^ease's did not occur in the 
region conceriu'd. Thc' expc'riments did include, howevc'r, all species 
commonly found on roses in the field or greenhouse and several spc'cies 
that an' known vectoi’s of other virus diseases. 

In addition to the tests as given in table 4, the following tests 
were made' in an effort to transmit by m(*ans of their known vectors 
recognized virusc's from other hosts to the rose variety Mine. Butterfly. 
In 3 tc'sts, (*ach with 4 adults of Philaenus leucophfhaimvs (L.), 
strawberry crinkle was not transmittc'd to rose. In 4 tc'sts with 100 
individuals of (hpifophorus fragaefolii (Ckll.), crinkle was transmitted 
from strawberry to strawberry, whereas no symptoms developed on 
3 rose plants exposc'd to 75 aphids in paralh'l tc'sts. In tests with 54 
aphids, Amphorophora rvbi (Kalt.), the vc'ctor did not transmit red 
raspberry mosaic from infc'cted Latham rc'd raspbc'rries to rc^se; nor 
was aster yc'llows transmittc'd from China aster to 6 rose plants by 75 
viruliferous adults of Macrosfehs dirisus (I'hlerL 
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Table 4.— Summary of Usts of insects for capacity to transmit the virus of rose 
mosaic or of rose streaky to lU35y Arlingtoriy 


Insect tested 


Family ricadellidae 

AceTotagallia sanguinotenta Prov ,,. _. - 
Agalliaconstricia Van U. .... . .. 

Halclutha impicta (Van J) ) .. 

Carneocephafa flaviceps Hi\ey ^ 

ChlorotetfixgaloanaiuaVm D _ 

ChlorotatuviridiusVau D _ .. 

Deltocephalua Havicoatm Stdl . 
Draeculacepkala molltpes (Say).. 

7?mpoa«ca/a6ac (Harris), .. _ .. 

Empoaaca maligna {Vfa\sh),- _ 

Ergthrmeura sp _ _ . 

Kxitianus obacurinervis Stai 

Oraphoeephala coccinea (Forst.) _ 

Graphocephaia verauta (Say)... 

Gypona oclohneata vur. striata Burrn 
Idiocerua fitchi Van D... 

Kolia bifida (iiay). _ 

Macroatelea dirtaua (Uhler).. 

KorvelUna aemimida (?>ay) . 

Oncometopia lateralis (F.) , 

Phlepaia irroratua (Say) 

Polyamia inimtea t^ay) 

Polyamia obtecta ((), and H ).. 

Polyamia weedt (yan \'i ) .. 
Scaphytopiua acutua (Say).. 
Scaphytopiua frontalis (V’^ari 1) j 
Stirelluahicolor (Van 1)). . 

Stirellua obiutua Van 1) .. 

Thamnotettix nigrifrona (Fovlws) .. 
Typhlocyba pomariaMcA,. 

Family Cercopidae 

Lejyyroma quadrangularia (Say). 
Philaenua leucophthahnua (L ) 

Family Mcrabracidae- 

Ceresa bubalua (F ) . 

Family Araeopidae, 

Pelphacodea puella (Van ) 
lAburniella or not a Slfil 
Family Fiildoridac 

Scolopa aufeipea (Say) . . . 

Family Aphiidac 

CapifophoriLS fraqaefoiit (CkW.) 
Alacroaiphum rosae (h.). 

Afacroaiphum aolanifofit (Ashm ). 

Myzua poroaua Sanderson. 

Family Coccidae: 

Phenacoccua gosaypii ''F. and (' 

Paeudococcus cUriliiSiio^- _ 

Order Thysanoptera: 

Franklmiellatritici (Fitch). 
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15 
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4 
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4 

82 
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1 'I’he source of virus \^as Mnie Butterfly for rose mosaic. Silver Moon fQir rose streak, healthy Mine. 
Butterfly served as test plants. No transmission oeeurrecl in any test 


The habits of some of the ius(*ct species ('inployt'd in t he aliovc- 
described transmission tests and the injury th(\v cause on rose art', 
described in a s(*parate publication (Jo), 

VARIETAL REACTIONS 

All roses adt'.quately tcst(‘d have been found susceptible to typical 
rose mosaic (table 5). The characteristic symptom pattern aiul the 
severity of the (‘fleets vary, but no variety has been found immune. 
The subinoculations listed in table 5 were made not only to confirm 
transmission as evidenced by symptom expression but to determine 
whether the virus could be recovered unchang^ed. As explained in 
the discussion of symptoms, several distinct patterns have been ex- 
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pressed in the type collection of mosaic-affected Mme. Butterflv, 
including typical rose mosaic, oak-leaf and watc^rmark patterns, dull- 
yellow rings, and broad yellow vein banding. Duchess of Wellington 
and Joanna Hill when naturally affected have shown only the oak- 
leaf-watermark symptoms. When experimentally infected with 
mosaic from the type in Mme. Butterfly, these varieties and also C. F. 
Meyer, Kaiserin Auguste Viktoria, Manetti, PauPs Scarlet Climber, 
Ragged Robin, Silver Moon, Souvenir de Claudius Pernet, Texas 
Wax, Canina, Rosa hugonis, and Ulrich Brunner have developed only 
or principally these same oak-leaf and watermark designs. On return 
inoculations to healthy Mme. Butterfly, however, the virus induced 
the tvpical symptoms as well as the watermark patterns, and under 
suitable conditions the didl-yellow rings also. Budding from oak-leaf 
Duchess of Wellington has induced typical symptoms as well as water¬ 
mark patterns in Mme. Butterfly in each of five trials and in Ophelia 
in two trials. Similarly, typical symptoms and watermark have 
developed in Mme. Butterfly following bud transfer from Souvenir de 
Claudius Pernet showing sparse and mild watermark j)attems in two 
trials, and in single inoculations from Blaze, George Waud, Joanna 
Hill, Kaiserin Auguste Viktoria, and Texas Wax. 


Table 5. - UeaullH of inoculation of rose species and varieties with typical rose 
mosatCi yellow mosaic (Talisman strain)^ and streak 

(VfToclod iitais wero inserted in lh(* \arieti»*s tesU'd, and .snhinoculations were ma<lo a.s indicated] 


1 

Rose mosaic 

Yellow mosaic 

Rose streak 

Species or variety inoculated 

Symi)- 

Sub- 

Symp. 

Sub- 

Symp- 

Sub- 


torn.s 

inocni- 

toms 

mf>cii- 

toms 

inocu 

: pnidueedj 

lations 

pnxiuml 

lations 

produced 

lation: 

BnarclitT ... 

4 

4- 

4 

+ 

4 


(\)lumbiH 

-f 

4* 

4 

4 

4 


('’oiirad Ferdinand Meyer 

+ 


4 

4- 

— 


OuchchS of ■VVelliiiRtou 

4- 

4- 

4- 


4 

4 

(iardenia 

+ 




4 

4 

Joanna Hill 

4- 

4- 

4 



. 

Kaisi^nii Augu.ste Viktoria 

4* 

4- 

4 

4 

4 

4 

Mme, Bertlie Fontaine . . 

4- 




- 


Mine. Butterfly 

-f 

4- 

4 

4 

4 

— 

Manetti--- - . 

4- 

4- 

4 

4 

- 

4 

Margaret McOredv 

4- 


4 

4 

- 


Mrs Arthur Koherl Waddell 

4 






Odorata - _ 

4- 

4- 

4 

4 

-i- 

4 

tlphelia. 

4- 

4* 

4 

4 

4 


Baurs Scarlet CHiiiIkt 

4 

f 

4 1 


I -- 1 


iiadiaiicH* . - , - . 

4- 

1 

+ ! 




Haggo<l Robin 

4 


i + 




Rapture - _ _ 

4- 

4 

+ 


4 


Silver Moon 

4 

4 

4- ‘ 


4 ! 

4 

Souvenir de Claudius rernet 

' 4~ 

! 4 

' 4 

4 

— 1 


Talisman. -. - 

1 4- 

t 

4- 

4 

i 4 


'I'eraplar_ _ . - 

•f 

j 4 

+ 


4 

— 

'J'exas Wax_ 

4- 

i 4 1 

1 4 


4 

4 

The Queen . 

4- 1 

1 -- j 


1 .. 



Rotacanim _ ... 

4- 

1 4- 

'”4*' '! 


'4 * 

-y- 

Rosa kuffonia .. 

4- 

1 

‘ - ! 

1 ’.J 



Rosa multiflora.,. . _ 

4- 

1 4 

4 1 

4 ! 

4 

4 

Rosa nutkana 

4- 

4 

4 1 


4 

4 

Rosa wichuraiana .. . . _ 

4- 


4 1 


4 

4 

Ulrich Brunner__ . __ 

4- 


4 1 





The milder typical symptoms characeristic of mosaic in Briarcliff, 
as well as watermark pattenis, have been induced in this variety also 
in a number of inoculations by budtUng from roses showing only 
oak-leaf or watermark symptoms. It is apparent that the mild and 
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inoouspifMious syinptoius dovclopcHl in such varieties represent merely 
varietal responses to typical ros(*> mosaic, sinc(i the moi'c' conspicuous 
symptoms can be n'prodiiccMl from tlnun on transfer to a suitable 
variety. Variety's r(‘actin^ like Mm(\ Biitt(‘rlly are most severely 
injured by mosaic. In these tlu^ distortion and chlorosis of leaflets 
are usually conspicuous enough to affect the salability of the cut 
flowers. fShorteiiiiig of internodes or geiuu'al dwarfing of affected 
plants lias not been observed in the writers’ pot cultures. The flowers 
of mosaic-att'ectiid plants have not commonly proved defective in the 
writers’ material, although such effects are reported by Wliite " and 
by Nelson {IS) to occur under conditions of commercial rose culture. 
It has not been practicable in the writers'work to lay out a critical 
experiment on comparative performance of healthy and mosaic- 
affected roses under forcing conditions. In a trial conducted by 
White {2Jiy'^ mosaic-affected plants of the Talisman variety wen' 
little if at all inferior to healthy Talisman plants in niimlx'r of salable 
flowers or in stem length but a larger proportion of defectivt'- blooms 
were cut from the mosaic-afleeted plants. 

Talisman, Briarcliff, and others of the group dev(*lo])ing mosaic 
symptoms milder than those of Mine. Buth'rfly, but otherwise similar 
in pattern, are evidently less injured than Mine. Butterfly. Otlu'rs, 
such as Joanna Hill and Duchess of Wellington, which (h'velop symp¬ 
toms of the ring or watermark type when affecl(‘d, an' so little injured 
that the disease would be recognized only on elosi* scrutiny. 

In the yellow mosaic group the Talisman strain, which alone has 
been tested extensively, develops prominent leaf sym])toms in a 
larger number of rose varieties than does typical rose mosaic, (^^t 
flowers of affected plants would tend to be of lower sale value because 
of these (‘onspicuoiis leaf patterns. Like typical rose mosaic, this 
yellow type has affected all roses adequately tested. 

In the streak disease of roses sharp differences in varietal reaction 
appear. One grouj) of varieties is subject to systemic infection by 
tlie streak virus: e. g., American Pillar, Canina, Clio, Duchess of 
Wellington, Gardenia, Jean Girin, Kaiserin Auguste Viktoria, Kit<‘h- 
enerof Khartoum, Multiflora, Newport Fairy, (hlorata, Rom nutkajuiy 
R. xrichvraiaim, Sarah Van Fleet, Silver Moon, Texas Wax, Veilchen- 
blau. Such varieties, when affected, dis])lay one or more of the 
characteristic symptoms described above, and any bud suitable for 
transfer will convey the virus to a susceptible healthy variety. Ma- 
netti is evidently allied to this group, inasmuch as systemic infection 
has been proved by subinoculation, but no characteristic streak 
symptoms were detected in this understock varic'ty in the writers' 
trials. Streak has likewise been recovered from symptomless plants 
of Canina and Multiflora that were slow to express symptoms after 
inoculation, from Sarah Van Fleet, ami from two unnamed roses of 
the Rugosa type that were naturally infected but symptomless at the 
time. However, it would be premature to create a subgroup for 
varieties subject to systemic invasion by the streak virus but showing 
no symptoms, since symptom expression is highly variable in varieties 
in which the disease is best known. 

A second group of roses is subjec't to necrotic local lesions only: e. g., 
Briarcliff a nd Mme. Butterfly (fig. 0), Columbia, Ophelia, Radiance, 

Sec footnote 4, 

»*New Jeiwev AoRiruMiTiiAT. Experiment Station, ro.se mo.saic note.s. N. J. Agr. Expt. Sta. 
Nursery Dis. Notes 5 (11): 2-4. 1933. [Mimeographed.] 
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Raptun', and Toin])lar. The virus may move a sliort distance into 
the stock and induce secondary necrotic lesions in young canes near 
the inserted streak-airected bud (fig. 7, A). After a few weeks or 
jiiontlis all affected tissue is dead and the lesions cease to enlarge 
(fig. 7, B). 

Subinoculation from any bud suitable for transfer fails to carry the 
virus to a healthy susceptible test plant. As indicated in table 5, all 
subinoculations from Briarcliff (five attempts) and Mine. Butterfly 
(seven attempts) showing the characteristic local cane lesions of 
streak have failed to recover the virus. It is assumed that a similar 
result would be obtained from Columbia, Ophelia, Radiance, Rapture, 
and Templar since these varieties are uniform with the two tested in 
response to this virus. Two series of subinoculations were attempted 
with a view to determining how far the streak virus advanced beyond 
its recognizable symptoms. In one series buds were taken from 
Mine. Butterfly l}i and 4 inches above and } 2 , 8, and 15 inches below 
a streak-afre<‘te<l Silver Moon bud 3 months after the latter was set 
and at a time when the necrotic lesion was still enlarging about the 
Silver Moon bud. None of these buds,conveyed streak to healthy 
Mme. Butterfly into which they were set. The failure to recover 
streak from buds % incdi below and 1 inches above an active primary 
necrotic cane lesion indicates that the streak virus is closely confined 
to the area of visible symptoms in varieties showing this response. 

The inserted streak-affected biul is killed by the girdling lesion and 
the cane above this bud dies gradually, the leaves withering in place 
and persisting strongly (fig. 7, B), The local necrotic lesion may be 
])runed out, and thereafter the remaining parts of the plant appear 
free from the disease. Mme. Butterfly has been held for 4 years after 
the ajipearance of such lesions, showing no further symptoms. The 
disease can be induced in such plants in typical form upon reinocula¬ 
tion. Such reinoculation has been uniformly successful in eight 
attempts in Briarcliff, six in Mme. Butterfly, and one in Ophelia. The 
second inoculations followed the first after 9 to 18 months, when the 
first symptoms were ap])arently inactive. In every instance the typi¬ 
cal necrotic effects developed after the second inoculation with no 
recognizable departure from the effects of the first inoculation. Fail¬ 
ure to protect against primary lesions upon reinoculation is usually 
regarded as evidence that the virus is localized rather than systemic. 
Such evidence supports the writei*s’ (’onclusions, from subinoculations 
and from successful pruning out of streak lesions, that the necrotic 
effects of streak in hybrid teas such as these are primary local lesions. 

A third grou]) of varieties, long considered immune, includes C. F. 
Meyer, Duchess of Wellington, Joanna Hill, Kaiserin Auguste Viktoria, 
Margaret McGredy, Ragged Robin, Rosa hvgonis, /?. vutkana, Souve¬ 
nir (le (Claudius IVrnet, and Ulrich Brunner. These varieties devel¬ 
oped neither primary necrosis nor systemic symptoms when inoculated 
with buds of systeinically affected varieties or when budded into canes 
of streak-affected Odorata in routine trials. Several attempts to 
recover streak by subinoculation failed. However, after long union 
with streak-affected scions of Silver Moon this apparent immunity 
broke down in Duchess of Wellington, Kaiserin Auguste Viktoria, 
and R, nutkana, and these varieties expressed systemic symptoms. 
It appears that the incubation period may be greatly prolonged in 
some varieties, and also that passage of the streak virus upward across 
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a union may bo far slower than the downward movement. It is there¬ 
fore neoessary to examine the eviden(*e for resistanoe or immunity in 
these varieties in further detail. 

Two large plants of Odorata naturally infected with streak were 
budded at various times with C. F. Meyer, Duchess of Wellington, 
Margaret McGredy, Mme. Butterfly, Rosa humniSj Silver Moon, 
Souvenir de Claudius Fernet, and Talisman. The Odorata plants 
showed cane symptoms and also brown leaf markings and senescence 
patterns of systemic infection at various times during this test. Mme. 
Butterfly shoots died 4 months after the bud was set, with character¬ 
istic necrotic streak symptoms. A Talisman bud developed into a 
scion branch 8 inches long in 2 months, remained apparently healthy 
for 4 months, but died with necrotic streak symptoms during the 
sixth month of contact. Two Silver Moon buds, set one in each plant 
of Odorata, developed into scion branches about 3 feet long before 
systemic symptoms appeared in the fourth month. Thus the streak 
virus is shown to have passed upward, inducing typical necrotic and 
typical systemic effects in appropriate varieties in 4 to G months 
after budding into streak-affected Odorata. Rosa hugonis grew on 
the streak-affected Odorata for 13 months without showing sym})toms, 
and Margaret McGredy grew for 23 months, developing a strong 
well-branched shoot 3 feet tall; but no sym])toms were expressed, 
and a subinoculation to Mme. Butterfly^ at the end of the test was 
negative. Souvenir de Claudius Fernet grew normally on streak 
Odorata for 21 months, and subinoculations to Briar(*liff and Mme. 
Butterfly after 8 months were negative. 

C. F. "Meyer was set in streak Odorata on June 7, 1934, and Duchess 
of Wellington on November 8, 1934. Both develo])ed vigorous .scion 
branches which remained symptomless until the test was concluded 
September 28, 1937. On November 1, 1935, liealthy Mme. Butterfly 
was budded into these s(*ions, providing a susceptible test variety 
separated from the systemically affected Odorata by intermediate 
canes of C. F. Meyer 30 inches long and Duchess of Wellington 17 
inches long. Mme. Butterfly grew vigorously, flowered freely, and 
ripened fruits, without showing streak effects in 23 months, when thus 
separated from the streak source by intermediate scions. Mme. 
Butterfly budded at the same date into Silver Moon, an intermediate 
susceptible scion on the same Odorata stock, was killed during the 
third month by the usual black necrotic effects of streak in this variety. 
This experiment seemed to provide strong evidence that Diudiess of 
Wellington and C. F. Meyer are immune to streak. No further tests 
were made with the latter variety, but in a i)arallel trial streak- 
affected Silver Moon set in a cane of Duchess of Wellington induced 
typical systemic streak in Duchess of Wellington in 14 months. 
During this time the Silver Moon scion attained a length of several 
feet and expressed strong streak symptoms. Subinoculatiori from 
Duchess of Wellington to Mme. Butterfly was positive. Tlie correct 
interpretation of this evidence would appear to be that Duchess of 
Wellington is susceptible but offers some resistan(‘e to streak invasion, 
particularly to the movement of the streak virus upward across a 
union. 

Like Duchess of Wellington, Kaiserin Auguste Viktoria and Rosa 
nutkana developed systemic* streak symptoms after long delay when 
inoculated with buds of streak-affected Silver Moon. Both these 
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varieties showed streak 15 months after budding. The inoculated 
plant of R, nutkana carried a healthy scion shoot of Mme. Butterfly 
on a separate cane from that budded to streak. Necrotic spotting 
and gradual dieback of Mme. Butterfly became evident 12 months 
after the Silver Moon bud was inserted; i. e., evidence of systemic 
spread of the virus was available 3 months before R. nutkana expressed 
symptoms. The well-established Mme. Butterfly scion, 18 months 
old when the inoculation was made, was killed completely by streak 
necrosis, and some dieback effects appeared in R. nutkana also. 
Streak infections have been demonstrated by subinoculation before 
symptoms were evident in other systemically susceptible roses, e. g.. 
Multiflora and R, wichuraiana, in routine trials. 

Joanna Hill was twice budded with streak from Silver Moon with¬ 
out expressing symptoms. One inoculated plant was held in the 
greenhouse for 18 months; the other w^as grown for a year in the field 
after 4 months’ contact with streak in the greenhouse. Ragged Robin 
was similarly budded twice, one plant was held under greenhouse 
conditions for 12 months and the other was moved to the field after 
3 months’ incubation in the greenhouse. No evidence of streak ap¬ 
peared in Ragged Robin. Rosa hugonis carried a strong streak- 
alfected Silver IVIoon scion shoot for 41 months without showing streak, 
and subinoculation from R. hagon'is to Mme. Butterfly after 34 months 
was negative. Ulricli Brunner carried a vigorous streak-affected 
Silver JSIoon scion shoot for 24 months without developing streak 
symptoms and a Mine. Butterfly scion remained healthy on a separate 
cane. Five plants of Souvenir de Claudius Fernet were inoculated 
with streak from Silver Moon and were held for 5 months (1 plant), 
7 months (2 plants), 11 months (1 plant,) and 22 months (1 plant) 
without developing streak symptoms. 

The data hen* detailed require the transfer of Duchess of Welling¬ 
ton, Kaiserin Auguste Viktoria, and Rosa nutkana to the group of 
ros(*s subject to systemic invasion hy str(*ak. There is further serious 
doubt as to wheth(*r tnu* immunity to streak occurs, since severe and 
prolonged testing would be required to establish this point. Never¬ 
theless lh(*re is good n'ason to expect that these varieties will prove at 
least resistant to stn*ak if they chance to be budded or grafted on 
streak-affected und(*rstocks in the usual commercial practice. 

Considerable ('vid(*nce is available that mosaic and streak move 
slowly through old canes, and this fact would account for the long in- 
cubation periods in the varieties that gi*ew sluggishly after budding. 
A peculiar instance of failure of the streak virus to move upward from 
roots may be of interest. Healthy scions of Silver Moon were grafted 
on pieces of roots of streak-affected Odorata, by the method known 
as piece-root grafting, on March 6, 1935. The object was to demon¬ 
strate the occurrence of streak virus in roots of roses. Two scions 
developed into vigorous plants but showed no symptoms of streak 
during 13 months in the greenhouse. They were then transplanted 
to the fi(*ld and grew an additional 20 months without evidence of 
str(»ak infection. On December 10, 1937, 33 months after the root 
grafts were made, the two plants were dug and sample buds and 
nieces of root handled as buds were set separately in four In^althy 
Alme. Butterfly plants. No streak developed about the buds, but 
typical streak lesions developed in each Mme. Butterfly plant 
“budded” with pieces of root. Symptoms were evident in the 
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fourth iiiontli and girdling was complete in the eighth month after 
budding. Thus streak was j-e(‘overed from the roots of each plant 
but from the canes of neither. The presence of the streak virus in 
rose roots was thus demonstrated by a method more devious than 
was originally intended. It was not expecte^d that for a period of 33 
months the virus would fail to move upward from the roots into 
shoots of the Silver Moon variety, which is known for tremendous 
vigor. 

The writers have stressed the evaluation of symptoms and the 
prevalence of these diseases in roses. It has not been practicable to 
attempt an investigation of transmission of the viruses to plants in 
other genera of the Rosaccao. It is not unlikely, especially in the 
light of Thomas’ {16) work, that other members of tliis family may 
be susc(^ptible to one or more of these viruses. 

VIRUS INTERACTIONS 

The ('videnee at haiul is inadequate to determine wh(‘t her the viruses 
discussed in this paper are separate (mtitii's or strains of a giuieral rose', 
mosaic group. Typical rose mosaic and the yellow variants agnu* 
rather closely in genej’al symptom types produeiul, in incubation 
period, in failure of juice inoculations to transmit, and in known host 
range's. The streak disease', on the othe'r hanel, ditlers sharply from 
the mosaic diseases in symptoms and in varietal re'sponse's, but is 
similar with respe'ct to incul)ation period and me)de‘s of transmission 
so far as is known. 

The rc'sults of a number e^f double inoculations may be eliscussed 
at this point since the interaction of viruse's has beem wieledy use'el in 
interpreting relatiemships. On October 1, 1937, buds of Talisman 
carrying yellow mosaic of the Talisman strain weTc se't in five Mine'. 
Butterfly plants that had carrie'd typical re)se me)saic fe)r a year e)r 
more. During the following 10 months the' ye'llow strain was ob¬ 
served to dominate* the gree'u type in two plants, but symptoms of the 
gre'en type were' not entire'ly suppre'sse'd. In the other three plants 
the greem pattern continued unediange'd with no etlVct from introeluc- 
tion of the second virus. The Margaret McGre'dy strain of ye'llow 
mosaic introduced into two mosaic-atfecte'd Mine'. Butte'rfly plants 
uneler like conditions produced no e'fFect on the symptoms e'xpre'sse'd 
during the succe^eding 10 months. Ye'llow mosaic from Margaret 
McGredy was successfully superimposed on yellow mosaie* of the 
Irish Charm strain in the forme'i* variety in a single' trial. The 
second inoculation followed the first by 28 months, and the' more 
brilliant pattern of the se'cond virus was ree*e)gnizable 4 months late'r. 
A single attempt to superimpose the Talisman strain on the Irish 
Charm strain in the Talisman variety ewidently failed. The' se*e*ond 
virus was inoculated 28 months after the first; no change in response 
was noted 8 months later. 

Typical ros(> mosaic in Mine*. Butterfly, yidlow mosaic in Talisman, 
and healthy Silver Moeui and Kaiserin Auguste Viktoria we're budeleel 
into each of two large' Oeleuata plants in pots on November 1, 1930 . 
Suckers of Odorata were^ pe^rrnitted to develop te) e'xpress the* symp¬ 
tom reaction of this stock, and the five-varie'ty syste'rn was observeel 
at intervals for nearly 30 months. There was no cleuir e*vidence of 
dominance of one virus over the other. Mme*. Butterfly, Odorata, and 
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Silver Moon expresstnl symptoms of each virus in each of the two 
plants; Talisman and Kaiserin Auguste Viktoria showed only yellow 
mosaic symptoms in one plant and no symptoms in the other. Both 
mosaic and yellow mosaic expressed prominent symptoms at inter¬ 
vals, one seeming to dominate in one variety, the other in another. 
At the conclusion of the test both viruses were evidently present in 
Mme. Butterfly, Odorata, and Silver Moon, in some instances syrnp- 
toms of both appearing in the same leaf. The logical interpretation 
would be that the two can exist and multiply together without marked 
effect on each other. Since both arc systemic, this evidence has no 
important bearing on their relationship, but if it has weight at all, it 
is against their being strains of a single virus. 

Yellow patterns suggesting a mutation from th(» gr(»en to a yellow 
type were observed in two Mine. Butterfly plants affected with 
typical rose mosaic, one in the field and one in the* greenhouse. Sub- 
inoculation from each to healthy Mme. Butterfly reproduced only 
green mosaic. The possible origin of yedlow types from the typical 
rose mosaic by mutation was therefore not confirmed. 

More significance' is attaclu'd to the production of the primary cane 
lesions of rose' str(*ak in varieties systemically afl'ected with typical 
rose mosaic. The varic'tie's Briarcliff aiui Templar each show systemic 
symptoms of rose mosaic, and ('ach is subject to primary necrosis 
about the streuk-alfectcd bud when the latter disease is introduced. 
Stn'ak was producc'd in Briarcliff twice when introduced 4 montlis 
aft('r, and o months aftc'r, mosaic inoculation. Streak symptoms 
appean'd in 27 days in typical form in each plant and remained local¬ 
ized. Mosaic symptoms w(‘re unaffect(*d by introduction of the second 
virus (luring 14 months’ subsc'quent observation. Similarly, streak 
w^as superimposed on mosaic in a Templar plant of long-standing 
mosaic history. Typi(*al slr(*ak developed in 10 w ^'eks, ran its course 
in () months, and was pruiu'd out, leaving typical mosaic eff(‘cts still 
cvidc'iit. Th(' fact that Briarcliff and Templar, systemically infected 
w ith the rose mosaic virus, ('xpivssed the characteristic primary lesions 
of stnadv on subsccpji'nt budding is an indication that the streak virus 
is not closely allied to that of rose mosaic. 

SPREAD OF ROSE MOSAIC IN NURSERY PRACTICE 

()l)scrv('rs agreed soon after rose mosaic was first recognized that 
no natural spread occurred undi'r glass. The suspicion that natural 
spread might occur in the field has b('cn inon' persistent, but so far as 
tlu' writers are aware, nearly all field evidence of spread is based on 
the appearaiK'c of crinkle and sp('ckle type's h('rein shown to be unre¬ 
lated to rose mosaic. The appearance of mosaic in new varieties of 
rosc's of comparatively n'cent seed origin and the occasional prc'sence 
of high percentages of the disease in certain nurseries would sugg('st 
natural sprc'ad of authentic rovse mosaic'. The waiters’ test plantings 
in Oregon, New York, Virginia, and Maryland have faih'd to ^neld 
any (wich'ncc of natural spread, and all attempts to transmit th(' dis¬ 
ease by means of insects have failed. In the writi'rs’ opinion all 
available' evidence* for spread of rose mosaic' can be accounted for by 
propagation practic'cs. 

No evidence was furnished by the trials described above that rose 
mosaic spreads in the field in commercial rose nurseries in Orc'gon or 
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in a general farming area at Babylon, N. Y. Nor was there evidence 
of spread in 1933 at Arlington, Va., when 15 healthy Mme. Butterfly 
plants were grown near mosaic sources throughout the season and then 
returned to the m’eenhouse for observation, j^ain in 1934, 52 healthy 
Briarcliff, 31 Airne. Butterfly, 3 Ophelia, 15 Kapture, and 2 Canina 
plants showed no spread of mosaic from adjacent proved source plants 
at the Arlington farm. At Beltsville, Md., 34 plants of Radiance, 
5 plants each of Briarcliff, Canina, Joanna Hill, Mme. Butterfly, 
Manetti, Multiflora, Odorata, and Texas Wax, 1 plant of Ragged 
Robin, and 2 of Rosa hugonis, grown adjacent to proved mosaic, 
yellow mosaic, and streak source plants from March or April 1935 
through September 1936, showed no spread of any of these three 
diseases. In view of the fact that several of the varieties included in 
these trials are known to express mosaic symptoms with a high 
degree of reliability, these results offer strong evidence that spread of 
mosaic does not commonly occur in these localities. A separate test 
for natural spread of ros(>i streak at Beltsville was also negative. No 
spread of the disease from affect(‘.d plants to 80 plants of healthy 
Silver Moon, a readily aftected variety, could be detected at any time 
during a 4-year exposure. 

It is well known that mosai<* is carried in (*uttings or scions taken 
from aft'ected plants. However, field-budding practices as a means of 
pseudo-natural spread seem to have been overlook(‘d. Two gem^ral 
practices for maintaining a supply of Manetti wood for cuttings an^ 
followed in the West. In the first, a ‘^mother block^' is maintained 
as a source of cuttings, and hundreds of cuttings an' rootc'd from each 
established plant each year that it is in us('. Thus scions an' never 
worked on the plants in tin* mother block that providc's the (‘uttings. 

In the second procedure, the mother block is elirninatc'd and cuttings 
are collected at random from the tops of field-budded plants when 
the latter are cut back to force the inserted buds. Such cuttings from 
budded plants arc subject to the hazard of contact with buds (hat 
may have carried mosaic. In each practice (Ik* Manetti cuttings are 
lined out in the field for root ing, and are huddl'd the following summer. 
Should a mother-block plant become infected, all its vegc'tativi* prog¬ 
eny would carry the mosaic virus and transmit it to previously healthy 
buds worked on them. However, if the mother block is free from 
mosaic, the disease will appear only in plants grown from infected 
budwood. When cuttings are taken from budded plants, any cutting 
from a diseased plant may transmit the disease to healthy inserti'cl 
buds in the next season. Mosaic bud stock thus infects thi' healthy 
bud stock of the following season. Such infection is avoided by the 
mother-block system. The practice of taking cuttings for undiTstocks 
from the tops of budded plants is doubtless a sound commercial prac¬ 
tice from other viewpoints, but it providi^s an efficient mi'ans of pri's- 
ervation and dissemination of virus diseases such as rose mosaic, yellow 
mosaics, and, in varieties subject to systemic invasion, rose streak. 
As far as the writers have been able to determine, the higher percent¬ 
ages of mosaic recorded in table 4 are from nurseries that root cuttings 
from budded plants. In view of the difficulty of recognizing mosaic 
in Manetti and Ragged Robin stocks as well as in a large number of 
budded varieties, it is manifestly impossible to recognize the presence 
of rose mosaic in affected understocks propagated from budded plants. 
A high percentage of infection can thus be built up without conspicu- 
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ous symptom expression. When a variety capable of expressing strong 
mosaic symptoms is worked into such understocks, a sudden appear¬ 
ance of mosaic may result, and will usually be attributed to natural 
spread. The practice of taking cuttings from budded stocks is so 
well suited to preservation of the virus diseases and to their dissemina¬ 
tion to new varieties that it seems adequate to account for all observed 
spread of rose mosaic. 

CONTROL 

The control mcasur(‘.s outlined belovr are those indicated by the 
writers^ evidence on the nature and behavior of the diseases here dis¬ 
cussed. Tests of these measures on a nursery scale have not been 
made. 

Practi(‘.al control of mosaic in propagation on Manetti understocks 
en u b(‘ accomplished by establishing a disease-free mother block. This 
is desirable sinc(‘ mosaic in Manetti stocks (and others) is difficult to 
diagnose in the field. A small block of jilants can be chocked by 
budding to vari(»ties readily diagnosed when affected, such as Mme. 
Butterfly, Opludia, or Rapture, and plants thus proved healthy 
can thereafter be reserved as liealtliy mother plants. The test variety 
may be budded into tin* canes of the mother block in the field, 
or buds from the mother block may be set in canes of the test varieties. 
If both stock and scion grow' vigorously, a period of 3 or 4 months is 
ad(‘quate for a test. A mosaic-free mother block may be expanded 
and renewed as desired by means of cuttings. With such a proved 
source of healthy cuttings available, mosaic will occur only as a result 
of using infected buds, and wdll not spread to other varieties. 

Seh'ction of budwood from In^althy plants is also important. This 
is (Misily feasible in the varieties that are severely injured when affected. 
In thos(‘ varieties in which mosaic symptoms are more difficult to 
(hdc'ct, affecte<l buds sometimes may be selected even by competent 
])io])agators. Little harm will result from this, how^ever, provided the 
motlu'r-block system is used. The use of this system should be feasible 
for other stocks as w ell as Manetti. 

The procedun^ outlined for control of mosaic is suggested for the 
control of the vellow' mosaics and of streak. The varieties Mme. 
Butterfly, Oplielia, or Rapture express yellow mosaics clearly; buds of 
these varieties die when set in streak-affected stocks. 

The possibility nunains that some of these diseases may be spread 
by insect vectors in some localities or in some seasons, but there is no 
(evidence of such spread at present. Control recommendations are 
tlu'H'fore confined to elimination of known modes of propagation of 
th(*se diseases. 

DISCUSSION 

Slow' movement of the mosaic and streak viruses in inoculated plants 
and slow' expression of symptoms are not believed to w'eaken the 
validity of the w riters’ index trials, since responsive test varieties were 
used and since tests W’cre not considered coiiclusive unless scion and 
stock grew actively. If others using the index method will observe 
the same precautions, conclusive readings may be expected within 3 or 
4 months. Prolonged delay in the expression of symptoms of both 
mosaic and streak was observed in varieties that express symptoms 
sporadically after infection is fully systemic. In such varieties the 

‘.i0058:’.~-41-n 
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physiology of symptom expression is involved as well as the physiology 
of virus movement. Where movement of the virus has been demon¬ 
strated to be slow by subinoculation trials, it seems explainable 
according to established principles laid down by Bennett (2) and 
others. 

It has been suggested above that White {23) apparently had a 
yellow mosaic, and possibly streak, in his collections. The rose virus 
disease described by Valleau {18) and by Johnson and Valleau {9) is 
apparently typical rose mosaic in a variety that produces only the 
watermark-ring series of symptoms. The last-named authors have 
suggested that their collection is a specimen of Wliitc’s rose mosaic. 
Milbrath’s {12) albication seems to agree in symptoms with one of 
the writers^ yellow mosaic colh'ctions, although nontransmissible 
albication patterns occur in roses. Thomas (/6*) illustrates a pattern 
closely similar to typical rose mosaic induced in the Belle of Portugal 
variety by transfer from mosaic-affected apple. Christoff (6') men¬ 
tions a mosaic of Rosa gaU/ica L. transmissible to a])pl<^ anti pear. 
Unfortunately the writers do not have symptoms of tlu^ir viruses in 
these roses for comparison. 

The streak disease, which produces in^crotic elfects on soim* rose 
varieties, appears to differ from wilt and dieback, described by (rrievi*. 
{8) from Australia, and from (hgante’s (7) new virus of rose in Italy, 
both in symptoms producc'd and in mod(*s of transmission. Botli 
Grieve and Gigante stress symptoms in young leaves, whereas strcaik 
symptoms are recognizable only as the leaves a])proach full size and 
after. Mon^over, both the Australian and the Italian viruses an* 
juice-transmissible, and the formcT is filt(*rable. Gigante considers 
his disease distinct from Grieve’s and from ros(* mosaic. 

SUMMARY 

The symptoms of rose mosaic in Mine. Butterffy are iiroininent 
chlorotic areas feathering away from the midribs of l(*a(lcts, and also 
ring, oak-b'af, and watermark patterns. Various combinations of 
these symptoms, with various degrees of intensity, are expressed in 
other rose varieties and species. Some rose varieties and the under¬ 
stocks Manetti, Ragged Robin, and Texas Wax ex])ress symptoms 
too irregularly for accurate direct diagnosis. 

Yellow mosaics are characterized by brighter and ligbtcT yellow 
patterns than are found in typical rose mosaic. 

The streak disease of roses produces brown rings, brown oi* yellow¬ 
ish vein banding, and senescence patterns in lcav(*s, and brownish 
or greenish ring markings in canes. Certain hybrid t(*a ros(*s arcj 
subject to necrotic primary lesions in canes. 

Many clilorotic speckle and crinkle patterns, including the disorder 
in Manetti known as rattlesnake in the Northwest, are unrelated to 
rose mosaic, and Iiave not been shown to be of virus etiology. 

Field diagnosis of mosaic and streak is unreliable because of the 
tendency of the symptoms to become masked in sonn* varieties. 

The occurrence of rose mosaic has been confirmed by the transfer 
from 17 varieties of roses from 7 States and tln^ Province of Ontario, 
but the disease has been found to be prevalent only in association 
with certain propagation practices. Index tests of understocks from 
Oregon, California, Texas, and elsewhere show that the disease is 
less prevalent than was formerly claimed. 
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Yellow mosaics have been found in scattered single plants in four 
localities. 

Streak is known from Ma^land, New York, Texas, Virginia, and 
the District of Columbia. This disease affected 30 percent of the 
roses in one collection of varieties. 

Mosaic, yellow mosaics, and streak have been transmitted only by 
tissue union, i. e., by various styles of budding or grafting. No 
transmission resulted when buds were removed before union occurred. 
The minimum incubation periods recorded for the three virus types 
are all of thc^ order of 20 days. In less responsive varieties and under 
less favorable conditions incubation may require several months. 

No seed transmission of mosaic or streak was evident in small 
])OT)ulations of seedlings from affected plants. 

No evidence of insect transmission was obtained from trials of 31 
s})ecios of ins(*cts for mosaic nor from t(‘sls of 34 insect species for 
streak. 

Strawberry crinkle was not transmitted to rose by PhUaenus 
leucophthalmus (L.) nor by (^apitophorvs fragaefolii (Ckll.). Red 
raspberry mosaic was not transmitted from red raspberry to rose by 
Amphonyphora ruhi (Kalt.), nor aster yellows from China aster to rose 
by Macrostelf s dirisns (IThler). 

All roses adequately tested have proved susceptible to rose mosaic 
and yellow mosaics, but differences are found in intensity of symptom 
expr(‘ssion, i. e., in degree of tolerance. Rose varieties and species 
fall into three groups with respect to streak reactions: (1) Those 
susceptibh* to systcunic infection, (2) those subject to primary necrotic 
h^sions in canes, and (3) those apparently resistant or immune to 
infection. 

No natural sprc'ad of mosaic or streak has been detected in field 
trials in Maryland, New York, Oregon, and Virginia. It is indicated 
that the nursery practice of propagating roses on rooted cuttings taken 
from the tops of budded understocks of the previous season is the 
probable mechanism of the apparent spread of rose mosaic in nature. 

It is suggested that rose mosaic, and probably also yellow mosaics 
and streak, may be controlled^by using understocks derived from a 
mother block indexed to assure freedom from these diseases. 

The available evidtuice is considered inadequate for determining 
wheth(*r rose mosaic and fiv(* yellow mosaics are closely allied. The 
8tr(*ak virus is believed to be unrelated to the mosaics and to be unlike 
the necrotic diseases of rose described by Grieve from Australia and 
by Gigante from Italy. 
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EFFECT OF DAY LENGTH AND TEMPERATURE ON THE 
FLOWERING AND GROWTH OF FOUR SPECIES OF 
GRASSES ^ 

hy H. M. Benedict 

Asfiodate 'physiologist^ Division of Forage Crops and Diseases^ Burea'u of Plant 
Industry^ United States Department of Agriculture 

INTRODUCTION 

Ill attempts to carry on pliysiological investij^ations with native 
j;rass('s in the ^reenhoiisij during the winter months, the writer has 
often eneounteied difficulty in obtaining flower production and pood 
veg(‘tative growtli. Some of the grasses when grown under winter 
greenhouse conditions produce a low tufted top growth and never send 
up flower stalks. Other species produce only a few leaves and then 
seem to stop growing until late in the winter or early spring. As a 
result of the work of Garner and Allard (^, 5, G)‘^ Tinckcr (5, fO), 
Adams (/, S), Gilliert (7), Thompson {8)^ and others, it wae thought 

that huigthening the day or varying the temperature might bring 
about incr(*as('d growth and production of flower stalks in those 
specie's that usually do not grow well in the gi’eenhouse during the 
winter. 

In this pap(‘r an* pn'sc'iited the results of experiments on the effects 
of diffen'Tit day lengths and temp(*ratur(*s on bluestem (Agropyron 
s/nlthii Rvdb.), locally known as western wheatgrass, blue* grama 
(fhmteloua gracilis (11. B. K.) Lag.), blue'joint turk(*yfoot (Andropogon 
farcatus Muhl.), locally known as big blu(‘st(‘m, and switchgrass 
{Paniciifn rlrgaium Ij.). The* first two species an* the most common 
grasses in Uie short-grass plains and make fairly good growth but rarely 
flower in the* gr(‘(*idiouse during the wint(*r season. The last two 
s|)(*ci(*s an* common in the tail-grass prairies and, at least at (li(*yenne, 
Wyo., make V(*rv litth* growth under wint(*r gre(*nhous(* conditions. 

METHODS 

Thr('(» s(*ri(*s of (*xperiments were carri(*d out, the first and third 
during the* winter when the days are naturally short and greenhouse 
ti'mperatm es can be kept low, and the second in the summer when the 
days an* naturally long and greenhouse temperatun*s become high 
during the day. In the first series plants of Agropyron smithii and 
HouivUnia gracilis W(*re grown in seed flats It) by 24 by 4 inches, 100 
plants to a flat, from October 21, 10)14, to March 21, 1935. The plants 
in this seri(*s (series 1) were gi’own in 8-hour, 20-hour, and natural day 
lengths at a temperature of 00° F. and in a natural day length at a 
temperature of 75°. In the second series, plants of the same two species 

J i<e(?eived for publication August 2. IQtO. Joint contribution from the Division of Foraee Crops and 
Diseases, Bureau of Plant Industry, and the Soil Conservation Service, I'. S. Department of Agriculture. 
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were grown in seed flats, 77 plants to a flat, in an 8-liour and a 20-liour 
day, from June 11, 1935, until October 4, 1935. During this period 
the temperature was maintained as close to 80® as possible, although 
during the middle of the day it was often several degrees higher. The 
third series contained plants of Agropyron Androvogon fur- 

cafus, Bouteloua gracilis^ and Panicum virgatum. These plants were 
grown in seed flats from November 20, 1936, to March 24, 1937. The 
plants were all thinned to 50 per flat and grown under tlie following 
six conditions, with duplicate flats of each species placed ii» each 
treatment. 

(1) In a natural, or short, day length at a day and night temperature of 75° F. 

(2) In a natural day length at a day temperat\ire of 75° F. and a night tempera¬ 
ture of 60°. 

(3) In an 18-hour, or long, day length at a day and night temperature of 75° F. 

(4) In an 18-hour day at a temperature of 75° F. during the day and a night 
temperature of 60°. 

(5) In a natural day length until January 20 and then in an 18-hour day length 
until March 24, at a day and night temperature of 75° F. 

(6) In an 18-hour day length until January 20 and then in a natural day length 
until March 24 at a day and night tem|)erature of 75° F. 

The desired tempera tun^s in the three series of experiments w(‘re 
maintained by hand opc^ration of the grec^nhousc ventilators. This 
method admittedly allows for some variation, but (^xc(‘pt for the sum¬ 
mer series this was never more than 5® F., according to the thermo¬ 
graph records that were kept. The night temperature of OO® us(hI ii; 
scries 3 was obtained by removing the plants from the gretMihouse to a 
propagating house for the re(iuir(Hl length of time. 

The 18- and 2fl-hour day leugths were obtained by burning in(*an- 
rlescent lamps from shortly before sundown for as many hours as wer(' 
necessary to give the required day length. The intensity of the radia¬ 
tion of the incandescent lamps at the surface of the soil was 35 foot- 
candles. The areas lighted by the lamps were screciu*d so as to pre¬ 
vent any stray radiations from reaching arenas that were to bi‘ kept dark. 
The 8-hour day length was maintained by covering the plants with a 
lightproof canvas from 4 p. m. until 8 a. m. daily. This canvas was 
siispend(id on a frame 54 inches high, closed at eitluT end by wall¬ 
boarding that could be removed during the day. It was not possible 
to observe any light in the compartment thus fornn^l. The tcunpera- 
ture inside never exceeded that of the rest of the greenhouse' by more 
than 2® F. 

By thoroughly mixing the soil before placing it in the flats in all 
three experiments, care was taken to insure that- no diflerences in the 
soil existed between treatments. 

According to information supplied by tlu* United State's Weatln'r 
Bureau, the average length of daily sunlight during the time (lu' plants 
were being grown in the winter was about 1 0% hours. Thus the natu¬ 
ral day length in the winter will be considered a short day. 

The dry weight per plant was used as the criterion of growth of the 
plants subjected to the various treatments. The dry weights were 
determined by carefully washing the soil from the plants, separating 
the roots from the tops, placing both in an oven at 100® Cl for an hour, 
and then drying them to constant weight at 80®. 
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EXPERIMENTAL RESULTS AND DISCUSSION 

EFFECT OF DAY LENGTH AND TEMPERATURE ON FLOWERING 

The mini her of days elapsing betw een the date of planting and the 
date on which at hjast three plants in a given treatment showed flower 
stalks are given in table 1. The results presented here indicate that 
Agropyrori smithii is a long-day plant and that the proper temperature 
alone will not bring about flowering. This is brought out by the fact 
that under the conditions of these experiments plants of this species 
flow(u-ed in an 18- or 20-hour day wrlieii the temperatures in wliich they 
were growing ranged from 60° to 80° F. but failed to bloom when grow¬ 
ing at these temperatures in an 8- or 10-hour day. It will be noted that 
jilants of this species in series 3 failed to bloom in an 18-hour day when 
the night temperature w^as lowered from 75° to 60°. Tiiis failure to 
flow^er may havci been due entirely to the low temperature, but since 
the plants of this series that did flower did so on the last day of the 
experiment it seems possible that the plants w'ere not grown long 
enough to reach the flowermg stage. 

"I'able 1.— Xiunher of days between the date of planting and the appearance of first 
bloom of different grasses grown in different day lengths and temperatures 


Treatment 


! Time from planting to blooming in indicated 
I speeias 


1)H.V ItMlUfh 

Temiwatiire 

t-ondltioiLs 

! Agropyron 

1 Hinithn 

Androp(h 

gon 

fiircnfvs 

Bouteloua 

graciln 

Pankum 

rirgatum 

Sprit's 1 (winler) 


i JJay/t 

t 

Day,^ 

Dayx 

Days 

H-hour duy 

00 

; 0) 


(0 


Natural, or lU*hour, <ia> 

20-hour (Jav 

00_ 

(M) . 

! 


0) 

(0 

93 

. 

Natural, of lO-hour, day 

Spiu\s 2 (summer)’ 


i 



S-hour (lay . . 1 

80. . 

: 0) 


72 

_ . . 

20-hour day .. 

Series 3 (winter)- 

i 80.... 

1 

98 

1 

1 100 

1 


Natural, or 10-liour, day 

1 75 throughout. . 

0) 

(«) ! 

! 70 

72 

Natural, or 10-hour, da.\ 

75 day, (10 night . 

(«) 

101 

0) 

93 

1 S-hour day ... 

75 ihroiighmit. 

, 120 1 

(») 

113 

0) 

1 S-hour day ... 

75 day, fiO night.. 

1 0) i 

0) 

(>) 

(*) 

10-hour, 2 months, 18-hour, 2 
months 

75 1 hroughout 

I j 

(') 

70 

(») 

is-hour. 2 months; lO-hour, 2 
months. 

75 throughout 

! (') i 

1 1 

) ! 

0 ) 

87 

0 ) 


' Kailetl In bloom. 


As shown in table 1, plants of Bouteloua gracilis flowered in an 18- 
and 20-hour day as well as in an 8- or 10-hour day when the temper¬ 
ature remained at 75° F. or above, but failed to flower in any day 
length when the temperature dropped to 60° for even a few hours 
daily. The plants grown in the shorter day lengths flowered earlier 
than those grown in the longer day lengths. These results indicate 
that B. gracilis is an indeterminate type of plant as far as its blooming 
response to day length is concerned and that a fairly high temperature 
is necessary to produce flowering. 

Plants of Andropogon furcalus bloomed in the 10-hour day at a 
temperature of 75° F. during the day and 60° during the night, but 
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(lid not bloom in this short day when the temperature was kept at 7/)® 
throughout, nor did the jdants of this spix'/ies bloom in the IS-hour, 
or long, day. Tliesc results s('em to indicate that A. furcatus is a 
short-day plant and that tem])erature alone docs not determine 
whether it will flower. The plants of this species grown at a temper¬ 
ature of 75° in the short day may not have flowered because of the 
extremely small growth they made, having a total dry weight of only 
23 mg. 

Plants of Pajiicum virgaturn bloomed when grown in a short day, 
reganlless of the temperature, although lowering the temperature at 
niglit retarded the blooming date somewhat. This would indicate 
that P. virgatum is a short-da 3 ^ plant and that the temperatures used 
in this experiment have little influence in determining whether or 
not these plants will flower. 

In setting up the treatments in which the plants were grown, first 
in a short day and then in a long day or first in a long day and then in 
a short day, it was thought that the day length unfavorable to flower¬ 
ing when applied first would cause the plants to vegetate and that 
then changing to the day length favorable for flowering would result 
in these plants coining into flower very rapidly. However, it will be 
noted from table 1 that onh’' the plants of Bouteloua gracilis flowered 
in these treatments and that the plants of this species were able to 
flower in either a continuous long or a continuous short day. These 
results seem to show for the other three grassc's under the conditions 
of these experiments that the effect of gnming them for 2 months 
in a day length unfavorable for blooming was not over<‘ome by gnnv- 
ing them aftenv'ard for 2 months in a day length favonible for bloom¬ 
ing. They also show that a day length unfavorable for blooming was 
able (piicklv to overcome the effects of growing the plar)ts for 2 months 
in a day length favorable for blooming. For example, plants of 
Panicum tnrgatum growing in a long day did not flower while those 
growing in a short (lay flowered in 72 days. Yet when plants growing 
in the short day for 01 days were placed in a long da^* they did not 
flower, nor did the plants of this species flower when transferred to a 
short day after being in a long day for 2 months. 

The clas.sificati()n of Agropyron smithii as a long-da.y plant, Atulro- 
pogon furcatus and Panicum rirgatum as short-day ])lants, and Bouteloua 
gracilis as a ])lant of indetenninate day length is borne out by the 
time of the year in which these plants come into flower when growing 
under natural conditions. Plants of A. smithii bloom in the latter- 
part of June when the days are longest. Plants of B. gracilis will 
send up flower stalks throughout the summer. Plants of A. furcatus 
and P, rirgatum come into flower ai'oimd the middle of August, when 
the days are becoming shorter. 

EFFECT OF DAY LENGTH AND TEMPERATURE ON GROWTH 

The dry-weight determinations on the plants of the first series 
were ruined by an overheated oven and so cannot be presented. The 
dry weights per plant of the roots, tops, and total plant of the species 
grown in series 2 and 3 are shown in tables 2 and 3, respectively. 
The values presented in table 3 are the means of the two replications 
of each species in each treatment. In both series, with one exception, 
the weights of the individual parts of a plant of one species always 
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varied in the same direction with chanj^e in treatment. Thus, if the 
roots of the plants of one species increased wlien tlie day length was 
increased, the tops also increased in dry weight and naturally the 
entire plant showed the same trend. This makes it possible to discuss 
together instead of separately the results of the treatments of the 
plants of the different species. 


Table 2. —Dry weight per plant of Agropyron smithii and Bouteloua gracilis {series 
2) grown in the summer of 1920 under different day lengths at 80° F. 


Agropyron smithir 
S-hoiirday . 
20*hour (ia.v 
Bouttlova gractlut. 
S-hour day. . 
20-lu)ur day 


Dry weight per plant 


Root 1 

1 

Top 

Total 

Oram 

Oram 

Oram 

0 0.% 

0.131 

0.187 

.053 1 

.124 

.177 

. 255 

.436 

.691 

.289 

.620 

.909 


Table 3. Dry weight per plant of grasses of series S when grown in different day 

lengths and te7nperatures 


Dry weight per plant under indicated conditions 


Spc(*U‘s and plant part 

\’<»rinol or lO-hour da> 

1 

75° P ' 75° F <iii\,. 
through- . t»0° F. 

out night 

1 H-hour day 

! 

. 75° V. 75° F day. 

tliroiigli- ' f«i°F . 

out 1 night 

! lO-hour 
j day. 2 
j months; ; 

1 H-hour j 
i (lay, 2 
; months; i 

75° F. 1 
1 through- 1 
1 out 1 

18-hour 
day, 2 
months; 
10-hour 
day. 2 
months, 

1 7,5° F. 

through¬ 
out 

Agropyron srnilhu 

JioolK 

Tops 

Oram 

0 ]76 
312 

1 

Oram 

0. 235 
420 

.] 

i Grams ^ 
0 194 i 
' 346 

Gram 

0 228 
.372 

1 

{ fJram ! 
0.2.16 ! 
.408 

Oram 

1 0.243 

. 375 

Total. 

488 

j . 655 

' 540 1 

.600 

1 .644 1 

1 .618 

. \ ndropogon furcatntt: 

Roots 

m 

1 

• 023 

.311 i 

.324 

.030 j 

.113 

Tops . 

. 014 

' . 033 

545 1 

.587 ! 

> .098 1 

.155 

T(.tiil 

023 

1 .05(t 1 

! 8.56 

.Oil 

.128 1 

.268 

lionieUmn gracilis: 





1- 

1 i 


Roots 

1H4 

.091 

1 .315 * 

.206 1 .235 1 

.323 

^'ops . _ 

560 

1 .218 1 

1 825 , 

..571 

1 -7311 

1 .652 

Total 

.744 

.309 

1 1. HO ; 

.777 

. 966 i 

i . 975 

Pameum virgalnm' 

Roots 

.010 

1 1 

' . 074 i 

j .299 1 

.223 1 

.024 

.101 

Tops__ 

. 0(K) 

I .O-W j 

1 

.504 

.052 

.063 

Total 

I .016 

1 

1 020 i 

_1 

.727 

.076 i 

1 

.164 


The results of the dry-weight determinations (table 2) indicate that 
day length has little effect on the growth of plants of Agropyron 
smithii^ provided the temperature is kept constant. This is brought 
out by the fact that in series 2 the plants of tliis species had about the 
same dry weight when grown in either the long or the short day and 
that in series 3, when grown at a temperature of 75® F. throughout, 
the plants in the long day had a slightly greater dry weight than those 
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in tlio short clay but, whim grown at a night teinporaturo of 60°, tho 
plants in tho short clay had a grc^ator dry woight. Tho variations 
obtairiod botwecm roplications in scuic's 3 indicuito that not much 
importance can bo attached to the diirc^roncc's notc'xl botwoen the dry 
weights of the plants growing in the diffiu-ont day lengths at the same 
temperature. 

The results presented in table 3 also indicate that reducing the 
tcunperature at night causes an increase in the growth of plants of 
Agropyron smithii, since tho plants growing in the low night tempera- 
tun', had the greater dry weight in both clay lengths. This increase 
may be due to the reduced respiration rate' occurring at the lower 
tc^mperature, whicli would mean that less of the material manufactured 
during tlie clay would be respired away at night. It can be sc'cui that 
thc^ plants in the short day showc'd a greater increase in dry weight 
when subjected to the lower temperatures than did the plants in the 
long day. This may be due to the fact that the foimer were in the 
low temperature for about 14 hours daily and the latter for only (> 
hours daily. No explanation can be offered as to why tho plants of 
A, smithii that were grown in a short day and then in a long day or 
were grown in a long day and then in a short day had somciwhat 
greater dry weights than the plants growi continuously in a long or a 
short day. 

Tho results of the dry-wc'ight determinations on plants of Andro^ 
pogon furcatus (table 3) reejuire little discussion. They show that 
increasing the length of day greatly increases tln^ growth or dry W(‘iglil 
of the plants of this spc'cies, regardlc^ss of the temperature used. 
They also indicate that low'cring the night temp('ratui*e increases tin' 
dry weight of the plants, although not to the (‘xtcuit that incn'asing 
the day length does. This increase in dry weight in the* lowcu* night 
temperature might possibly be explained on the basis of rculucc'd 
respiration rate, as in the case of plants of Agropyron smithii. 

The results of the dry-weight determinations on plants of RonUioun 
gracilis (tables 2 and 3) show that plants of this spccic^s are c'.apable 
of making fairly good grow^th in (‘ithc'r a long or a short day, but that 
increasing the day Ic'iigth inarkcHlly incrc'as('s the growth of tlie plants, 
provided the temperature n'lnains constant. Tin* fact that the dry 
weights of the plants grown first in a short day and then in a long day 
or first in a long day and then in a short day w^ero about intermediate 
to the d^ weights of the plants growui throughout in a long or a short 
day indicates that a short day hmgth is not so detrijn(*ntal to tlu^ 
growth of this species as it is to that of Andropogon furcaius and 
Fanicum mrgatum. In the case of thes(' lattc'r species the dry w c'ights 
of the plants grown in a short day and tlnai in a long day or in a long 
day and tlien in a short day were in'arer to those of the plants grown 
entirely in the short day. 

It is interesting to iiot(', that lowc'ring the night t(‘mp<*ratur(^ in 
which the plants of Bouteloua gracilis were grow ing causc'd a rc'duc- 
tion in the dry weight of the plants in both day lengths. It can also 
be seen that reducing th(^ night temperature rc'clucc'd by more than 
half the dry weights of the plants growing in tho short day, but 
reduced by only a third those of the plants growing in the long days. 
These results would seem to indicate that plants of this species require 
a higher temperature than those of the other species for their growth 
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and tJiat lowc^ring the night t<>imperature to 60° F. interferes with 
their nudabolic processes to such an extent that the ensuing reduction 
in food production cannot be balanced by any reduced respiration 
rate that may result from the lower temperature. This is further 
borne out by the fact that the plants growing in the short day, which 
were subjected to the low temperatures for 14 hours daily, suffered a 

f greater reduction in their dry weight than the plants growing in a 
ong day, which W(Te subjected to the low temperatures for only 6 
hours daily. It will be remembered that the plants growing in the 
low night temperatures were the only ones that did not flower. This 
would further emphasize the high-temperature requirement of plants 
of B. gracilis, 

TJie results of the dry-weight determinations on the plants of 
Panicum virgatum (table 3) show that the growth of this species is 
much greater in a long day than in a short day, since the dry weights 
of the plants under both temperature conditions were much greater 
in the long day. Tlie results also indicate that lowering the tempera¬ 
tures from 75° to 60° F. during the night increases the growth of the 
plants in a short day but decreases their growth in a long day. 

The ratios obtained by dividing the dry weights of the roots by 
th(». diy weights of the tops of the plants grown in series 2 and 3 are 
shown in table 4. These re^sults indicate that day length affects the 
relative growth of the roots as compared to that of the tops of plants 
of Andropogon furcatus and Panicnw virgatum but not of Agropyron 
smithii and Bouteloua gracilis. Thus the root-top ratios of the 
fonruT two sp<‘ci(‘s wen^ greater in the short days than in the long 
days under both temperature conditions, but the root-top ratios of 
thci latt(*r two spc'cies did not differ signiflcantly in the two day lengths. 
Th(‘r(* is some evi<lence that changing the plants from a long day to 
i\ short day tinided to increase the proportion of roots produced more 
than did cliangiiig the plants from a short day to a long day. This is 
brought out by the fact that the root-top ratios of the plants of all 
the species worked with were greater when the plants were grown 
in a long day for 2 mouths and then in a short day for 2 months than 
when tlu^y were grown in a short day for 2 months and then in a 
long day ifor 2 months. However, plants of A, furcatus and P, vir-^ 
gatum showed much greater differences in root-top ratios between 
thes(^ two treatments than did the plants of A, smithii and B, gracilis. 


'Parle 4. Itoot-iop ratio of plants of grasses of series 2 and S when grown in different 
day lengths and temperatures 


^rreal nient 


Pay lengtl) 


Series 2 (summer) 

8 -hoiir day * 

20 -hour day, .. 

Series 3 (winter) 

Natural, or lO-hour, day-„ _ 
Natural, or 10-hour, day .. 

18-hourday_ . 

18-hour day .... ... 

10 -hour, 2 months; 18-liour, 2 
months. 

18-hour, 2 months; 10-hour, 2 
mouths. 


Koot-top ratio of indicated species 


Temi>erature 

Agropyron 

tumthii 

Andropogon 

Jiotiteloua 

Panicum 

conditions 

furcatus 

gracilis 

tirgafum 

^F, 





80... 

0 43 


0 58 


80 . 

.43 


.47 


75throughout.. . 

.56 

0.64 

.3:1 

1.67 

75 day, 80 night... 

.56 

.70 

.42 

1.40 

75 throughout_ 

.56 

.57 

.38 

.41 

75 day, 60 night . 

.61 

.55 

.36 

.44 

75 throughout_ 

.58 

.31 

.32 

.46 

75 throughout_ 

.65 

.73 

.50 

1.60 
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The results also indicate that a low night temperature has little or 
no effect on the relative amounts of roots and shoots produced by 
the plants, since the root-top ratios of the plants of the four species 
did not differ appreciably when grown in a high or a low night tem¬ 
perature in the same day length. 

The plants of Agropyron smithiiy Andropogon furcatus^ Bouteloua 
gracilis^ and Panicum virgatum after being grown for 11 weeks at 



Figure 1.— Plants grown for 11 wrecks at 75° F.: Agropyron smithn grown {A) 
in a 10-hour day and (H) in an 18-hour day; Andropogon furcMm grown (C’) in 
a 10-hour day and {D) in an 18-hour day. 


75° F. throughout, some in a 10-hour and some in an 18-hour day, 
are shown in figures 1 and 2. The exceedingly poor growth made by 
the plants A.jurcatus and P, virgatum in the 10-hour day is brought 
out in figure 1, <7, and figure 2, C, Figures 1 and 2 also show that a 
long day increased the height of the plants of all four species under 
investigation. However, there was no significant difference between 
the dry weights of the plants of A, smithii grown in the two treatments. 
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CONCLUSIONS 


In general, the results presented in this paper indicate that the 
naturally short days are, at least in part, responsible for the failure of 



2. Plants grown for 11 weeks at 75° F.: Bouteloua gracilis grown (A) in 
18-hour day; Paniciwi virgatum. grown (C) in a 
10-hoiir day and (/>) in an 18-hour day. 


plants of Agropyron smithii to bloom and of plants of Andropogon 
furcatiM and Panicum virgatum to grow well in the greenhouse during 
the winter. This conclusion is based on the fact that plants of A. 
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smithii bloomed and the plants of A.furcatus and P, mrgatum mtside 
good growth when the day length was increased by burning incan¬ 
descent lamps for several hours each night. The results also tend 
to show that failure of plants of Bouteloua gracilis to flower may hav(^ 
been due to too low temperatures, since the plants of this species 
bloomed in both long and short days when the temperature was 
maintained at 75^ F. but failed to bloom when the temperature was 
reduced to 60® for a few hours during the night. 

SUMMARY 

Plants of Agropyron smithii Rydb., Andropogon farcatus Muhl., 
Bouteloua gracilis (H. B. K.) Lag., and Panicum rirgatum L. were 
grown in tlu' gre(»nhouse under ditfi'reut (‘onditions of day length 
and temperature. Records wcu-e taken on tlie nuinbeu* of days be¬ 
tween planting and th(^ appearance of the first bloom, on the dry 
weights, and on the root-top ratios of the ])lants growing under the 
different conditions. 

The results on the number of days re(}uired by the plants to flower 
indicate that Agropyron smithii is a long-day plant, Bovtdoua gracilis 
is a plant of indeterminate day length, and Andropogon Jurcatus and 
Panicum virgaiurn are short-day plants. 

The dry weights of the plants of Agropyron smithii were*, not aflVcted 
by the day length, but in the other species the plants growing in the 
long days had the greater dry weight. 

A low night temperature increased tlu'. dry weights of the i)lants 
of Agropyron smithii and Andropogon furcatiis in both long and short 
days and also increased the dry weights of the plants of Panicum 
mrgatum growing in a short day, but it decreased the dry weights of 
the plants of Bouteloua gracilis growing in both day lengths and also 
decreased that of plants of P, virgatum, growing in a long day. 

The root-top ratios of the plants of Andropogon furcatus and 
Panicum virgatum were greater in the short days than in the long 
days. No marked difference between the ratios of the plants of the 
other two species growing in the different day lengths was observed. 

There was no significant difft^rence Ix^twcen the root-top ratios of 
the plants of the four species when grown in a low night temperatures 
and in a liigh night temperature in either day length. 

The results, in general, indicate that day length and temperature' 
markedly affect the growth anel flower prexluction of these four grasses 
and that good growth and blooming can be obtained in the greenhouses 
in the winter by properly controlling, among other things, these' two 
factors. 
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DIGESTIBLE NUTRIENTS OF FEEDING STUFFS FOR THE 
DOMESTIC RABBIT ‘ 

By LbRoy Vobiw, assislani profesior, Lawson F. Mabcy, instructor, Edwabo J. 

Thackek, assistant, and Walteb W. Wainio, instructor, Insititute of Animal 

Nutrition, Pennsylvania Agricultural Experiment Station * 

INTRODUCTION 

The rational feeding of the domestic rabbit has come to be a matter 
of consequence since the production of this animal as a source of meat 
for human consumption has attained a permanent and justifiable 
place in the general food economy. 

This report presents the results of the determination of the com¬ 
position, digestibility, and digestible nutrients of 47 feeding stuffs 
available for rabbit feeding in the United States. The results of 
similar investigations by Weiske (6,7,8),^ Von Knieriem (S, 4), and 
Briiggemann (1), covering an aggegatc of 16 roughages and 12 con- 
centrati^s, are also included for comparative purposes and for the 
presentation of digestible-nutrient values not given in, but computed 
from, the papers by Weiske and Von Knieriem. 

EXPERIMENTAL SUBJECTS AND EQUIPMENT 

The experimental rabbits were young female New Zealand Wliites, 
wi'ighing about 4 pounds each. 

The metabolism cages were a standard product having floor dimen¬ 
sions of 18 by 20 inches and a height of 12 inches. The floor of each 
cage was of f^-ineh mesh No. 12 gage wire, through which the feces 
dropped onto a 1^-inch mesh stainless-steel screen, and the urine was 
directed by a galvanized-iron funnel pan into a bottle below the cage. 
The stainless-steel screen and funnel pan were free from the body of 
the cage and were naidily ri'movnble for the collection of the excreta. 

Water was provided outside the cage proper in a cuj) which fitted 
over an ojiening in the door of the cage. 

Tlie usual earthenware feeding dishes were found unsatisfactory 
for quantitative work, since the feed could be scratched out easily. 
To overcome this difficulty a galvanized-iron feeder with inbent edges 
was devised and suspended from the door of the cage. This device 
almost completely prevented the scattering of feed. 

A piece of block salt was kei)t in the cages of the rabbits at all times. 


1 Kccoi\p1 f(ir publication April 20, 1040 J*apcr No 071 of the Pennsylvania Agricultural Experiment 
Slat ion 

^ Substantial assistance in the initiation of this project was receivetl from Dr. Logan J. Bennett, of the 
lb S. Department of the Interior, Fish and AVildlifc Seir\ ice, in charge of the Cooix'ratlve Wildlife Research 
Unit of the I*enns> Ivania State College; ami a large part of the feeding stuffs ust‘d were collected by (leorge 
S Templeton, in charge of the U. S. Rabbit Kxiierirnent vStation, at Fontana, Calif. The writers are also 
pleased to acknowledge the cooiieration of F W Burns, extension animal husbandman, Alabama Poly¬ 
technic Institute; E B. Ferns, superintendent of the Holly Springs (Miss ) ExtH»rimental Station: Luther 
Fuller, general farm products agent, T. C, I A R. Co.; and L, B. Lovett Co., who provided othorfoeding 
stuffs used. 

3 Italic numbers in parentheses refer to Literature Cited, p. 1183. 
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EXPERIMENTAL METHODS 

FEEDING TECHNIQUE 

Roughages were cut with a clover cutter and were shaken through 
a %-inch-mcsh screen. The longer pieces thus separated out were re¬ 
turned to the cutter until practically all the material had passed 
through the screen. The final product was coarse enough to be 
acceptable to the rabbits, but was relatively free of pieces over 2 
inches in length, which they would have wasted. 

All of the dry roughage's, ('xcept bluegrass, were' fed alone and th(^ 
digestibility determined ehrectly. Since the rabbits lost much 
weight when fed on dried bluegrass alone, this was fed with a com¬ 
mercial rabbit ration and the digestibility (h'tc'riniTied by diffe'rence'. 

The quantities in wliich the dry roughages wc're fed we're determined 
largely by the palatability of the product. The maximum amount 
of the most satisfactory roughage's, such as alfalfa hay, that a rabbit 
could be trusted to clean up was about 80 gm. pe'r elay. In general, 
the quantity of dry roughage that a rabbit woulel eat was we'll be'le>w 
that which would have been iTquire'd to maintain its boely weight. 

The green roughages, roots, and tubers we're cut up into pea-size'el 
pie'ce's and weu’e fe'd fre'sh in quantitie'S e'stimate'el te) furnish elry 
matter e^piivaleuit to the 40 gm. of alfalfa hay with which tlu'y we're 
given. 

Aliquot sample's wc're taken at the time e)f e'ac'h fei'ding anel we're' 
kept in pyrex dishe's at 50® C. in a Fre'as ove'ii. At the' e'nel of an 
experiment the' oven-dry sample's we're' allowe'el to ce)me' to moisture' 
equilibrium with the' air. Tlu'V we're the'ii we'ighe'el, grounel in a Wile'V 
mill, and retained for analysis, se'aled in glass bottle's. 

Each of tlie concentrate's was fe'el with an e'quivale'nt we'ight e>f 
alfalfa hay. Cottonse'e'el cake was fe'el also with se)vbe'an hay anel 
with vetch hay. The re'asons for this will be' give'ii later. 

Corn (maize) was fe'el coarse'ly erae*ke'el; all othe'r grains we're' leel 
whole. 

The oil cake's we'ie leel in pe'a size, since rabbits ele) ne)t like' pulverize'el 
elry fee'ds. 

Milk was fed in liquid fonn to the e'xtent of 300 gm. elaily with 40 
gm. of alfalfa hay. No difficidty was ence)untere'el in getting the' 
rabbits to drink 150 gm, of milk at e'ach fe'e'ding. 

The quantity of concentrate fe'el was usually 40 gm. elaily, in addi¬ 
tion to the 40 gm. of alfalfa hay. This combination pre>viele'el nutri¬ 
ment some'wliat in excc'ss of the maintenance require'ine'nt. 

The fe'od was give'ii twice daily in ('(jual portie)ns anel weighe'el 
immediate'ly prior to fee'ding. Aliquot portie>ns of the concentrates 
were saved each time the fee'ding stuffs we're weigh eel, anel the' com¬ 
posite samples represe'uting the cedlection period were grounel and 
sealed up in the same way as were the roughage samples. 

In general, three rabbits were useel for each treatme'ut. That this 
number was sufficient to establish valid elige'stion coe'fficie'iits for the 
group was determineMl from e'xperiments in which 10 or more trials 
were made. 

COLLECTre)N AND TREATMENT OF FECKS 

The feces were usually collected over a period of 10 days. In 
certain cases when the supply of feed was insufficient or the animals 
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showed signs of malaise, the collection periods were curtailed to 7 
da.ys. Collection was always preceded by a preliminary feeding 
period of 5 to 7 days, usually the latter. The preliminary feeding was 
deemed to be sufficiently long to establish equilibrium between the 
feeding treatment and any effects of copropliagy that might have 
existed, since the quantity of feed eaten daily in two equal portions 
was constant and the daily weights of the feces were consistent after 
a few days. 

Feces were collected daily throughout the experimental periods. 
The fresh feces were kept overnight at 50° C. in a ventilated Freas 
oven, from which they were transferred to open jars and left exposed 
to the air until the end of the collection period. They were then 
wcughed each day during several days, to assure equilibrium with the 
air, and were then ground in a Wiley mill. The ground samples were 
kept ill sealed bottles for analysis. 

METHODS OF ANALYSIS 

The fe(»ds and feces were subjected to the convcuitional analyses for 
moisture, nitrogen, ether extract, crude fiber, ash, and energy, with 
nitrogen-free extract computed, as usual, by difference. 

Moisture was determined as the loss in weight of a 2-gm. sample 
when lieated overnight at 80° C. in a Freas oven and thereafter kept 
in a vacuum desiccator containing sulfuric acid until no further loss 
in weight occurred. Constant weight was obtained after 2 days in 
the vacuum desiccator. This procedure was found to be quite as 
accurate as drying to constant weight entirely in the vacuum desic¬ 
cator, which would have required about 3 weeks. 

Nitrogen was determined by the boric acid modification of the 
Kjeldahl method. CoppiT sulfate was used as the catalyst in the 
digestion, and methyl nul as tin* indicator in th(‘ titration. 

Etlu'r (‘xtraet was d<»termined by extracting the dried samples 
employ(*d in the moisture determination for 48 hours in Soxlilet 
extractors. 

Crude fiber was d(»termined on the residin' from the ether extraction 
by the official method of the Association of Official Agricultural 
Chemists. 

Ash was determined as the ignition residue from a 3- to 5-gni. 
sam[)le which had bei'ii brought up slowly, overnight, to a temperature 
of 550° C. in a muffle furnace under rheostat control. 

Energy was determined by means of an adiabatic Emerson bomb 
(‘alorinieter. 

RESULTS 

DIGESTIBILITY AND DIGESTIBLE NUTRIENTS OF FEEDING STUFFS 

The composition and the digestibility of the feeding stuffs, and the 
digestible nutrients contained therein, are presented in tables 1, 2, 
and 3, respectively. Supplementary tables 4, 5, 6, and 7 give the 
results of the similar work by Weiske (6*, 7, 8), Von Knieriem (S, 4)? 
and Bruggemann (1). The feeding stuffs on which results are re¬ 
ported both in the previously published studies referred to and in the 
investigation now pri'sented are the following: Clover, timothy and 
vetch hays, barley, linseed cakc', milk, oats, rye, and wheat. In 
general, the digt'stion coefficients given in the earlfer and in the present 
work are in essential agreement. 
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A comparison of the results obtamed for roughages with rabbits 
with those reported by Morrison (2) for similar feeds with ruminants 
shows, respectively, the following average digestibility: Protein, 65 
and 60 percent; ether extract, 48 and 55; crude fiber, 17 and 53; and 
nitrogen-free extract, 58 and 65 percent. 

Table 1. — Composition of feeding stuffs supplied rabbits in this investigation 


stuff rtiui soum* 


Dry rough apes* 

Alfalfa hay (Pennsylvania) . 

Alfalfa hav, western, WAH, (California)-- 
Alfalfa hay, western, ll).'19. (California) 
Bluegrass (California) . . - 

(Mover hay (Pennsylvania) -- --- - 

Kale (California) 

Kudzu hay (Alabama) . . 

lAJSfiedeza, eonimon (Alabama) 

Lespedza serkea (Alabama)) 

Lespedza mtcea (Mississippi) . - - 
Melilotiis hay (("ahfornia) . . 

Afilo hay, green ((California) 

Oat hay, green (I’ennsylvania) 

TVanut hay (Alabama) 

Soybean hay (Alabama) 

Soy bean hay. green (Petinsylvama) 
Sudan grass ((Miliforma) . .. . 

Timothy hay (Pennsyhania) 

Vetch hay ((California) 

Wheat hay, green (Pennsylvania) 

Oreen roughages, roots, tubers 
(Cabbage 

(Carrot . . 

Celery. 

Rutabaga 
Sweetpotato 
Turnip . 

Yam 

(Coneeiifrates 
Barley. 

Beet fnilF) 

Bread, dried - 
Brei% ers’ grains 

Buckwheat_ 

('orn 

(’ottonswd-oil cake 
Linseed-oil eaki' 

Milk 

Milo maize 
Oats . . 

Peanut-oil eake 
ityp 

Sesame-oil eake 
Soybean-oil eake 
Soybeans, whole, Manehu 
Wheat - - 
Wheat bran 
Mixed rations 

Purina ornolene 
l‘urina rabbit ehow 





Carbohydrates 


W ater 

(Crude 

protein 

Ether 

extract 

Crude 

fiber 

NMtro- 

gen-free 

Ash 




extract 


Percent 

Percent 

Percent 

Percen* 

Percent 

Percent 

It 4 

17 9 

1 n 

30 9 

32 4 

5 9 

6 

20 4 

2 2 

20 4 

42 1 

8 4 

10 1 

27 2 

2 9 

21.6 

2K S 

9 4 

9 6 

26 1 

4 3 

IS. 9 

31 3 

9 8 

12 

12 9 

2 7 

24 7 

41.2 

6 0 

10 6 

23 1 

' 3 7 

11 9 

33 3 

17 4 

7 2 

10 9 

1 ft 

42 2 

33 2 

r, 0 

10 

14 S 

2.S 

27.7 

39 0 

r, 2 

7.9 

11 4 

1 6 

29 7 

44 4 

1 .'i 0 

11 4 

9 4 

2 1 

.32 4 

39 8 

4.9 

10 6 

21 1 

2 9 

22 6 

! 33 0 

9.8 

10 0 

19 3 

3.7 

21 6 

1 34 2 

11 2 

6 K 

7 1 

3 1 

37 4 1 

1 3K 3 

7 3 

7 9 

9 7 

2 f> 

37 7 1 

37 r, 

4 f» 

10 1 

10 6 

1.4 

3K 0 1 

1 33 2 

6 4 

7 

11 .n 

1 9 

2S (» 1 

! 37 

10 0 

11 0 

I.*-, H 

3 7 

20 2 1 

40 h \ 

‘ 8 8' 

10 1 

.•> 9 

1 H 

30 7 1 

47 1 1 

! 11 : 

10 3 

19. 2 

3 I 

21 1 

3.'> 3 i 

7 <; 1 

10 3 ' 

19 1 

3 6 : 

23 2 1 

3.3 7 . 

9 8 ' 


91 

! 

! 1 7 . 


1 1 


ti 1 

1 .5 

1 j 


7 

S7 

7 

1. ♦ , 


1 1 

j 1 

21 

1 H 

7 1 


9 

91 

4 

9 . 


1 


8 ' 

1 2 

.5 1 

1 

3 

86 

9 

; 131 


1 ! 

! \ 

2 

, 0 

K 


7 

h>s 

1 

1 1 S i 


3 i 

1 1 

0 

i -17 

9; 


9 

91 

8 

1 0 , 


1 

1 

1 ' 

' .5 

2 ; 


s 

OS 

f> 

; 14; 


1 



! -7 

7 ' 

1 

0 

14 

5 

j 10 7 1 

1 

2 

fi 

4 

' 6.5. 

0! 

2 

2 

II 


.8 3 1 


.3 

1 21 

S i 

1 .55 


2 

0 

4 

4 

15 S , 

2 

,51 


3 ! 

! 7.1 

.51 

01 

.1 

r, 

.'■> 

t 

i 7 ; 

.'i 

H 1 

16 

2 

> 40 

3 

0 

14 

8 

10 4 ! 

2 

3 i 

10 

8 

j 60 

01 

I 

7 

11 

0 

10 0 } 

.5 

6 ! 

2 

1 ; 

1 OH 

01 

1 

1 

6 

7 

! 39 7 

6 

6 

13 

.i 

1 26 

i 

0 

<1 

10 

8 

' .36 8 

1 

0 

7 

8 

1 3.5 


.5 

1 

87 

8 

3 1 

3 

7 ' 



' t 

** 


S 

6 

r, 

12 1 I 

2 

8 

1 

9 

1 7.5 

1 

1 


12 

1 

iO 9 j 

4 


10 

6 

j .5S 

9 i 

3 

3 

6 

0 

42 8 I 

< 

7 1 

4 

4 

32 

(, . 

6 

fi 

14 

1 i 

9 7 ! 

1 

4 


1 

' 70 

9 ; 

1 

S 


h 

39 4 ! 

S 

7 

6 

7 

1 2 h 

r ‘ 

1 

13 

2 

9 

3 

4.5 .5 i 

4 

6 j 


0 


9 1 

,5 

1 

6 

8 

4fl 9 ! 

17 

1 

1 

6 ' 

! 21 

.5 1 

r, 

1 

14 

9 

8 9 1 

1 

3 1 

i 2 

2 1 

70 

i 

1 

8 

10 

4 

16 7 j 

3 


10 


.51 

6 1 

f, 

9 

12 

1 

12 4 I 

2 

" i 

i 

s ! 

m 

i 

1 

4 

It 

0 

14 <) j 

.3 

! 

i 

7 

.52 

1 

.5 

0 


Energy 

IH»r 

gram 


Cainnea 
4.12 
4 20 
4 0:1 
4 13 
A «l 

3 32 

4 22 
4 29 
4 29 
4 If, 
3.99 

3 S7 

4 10 
4 1} 
3 Of) 

3 9t 

3. HH 

4 07 
3 96 
3 93 

.31 
IH 
. 19 

1 7.3 
. 32 
1 29 

3 hS 
3 HA 
t 23 
t 93 
3 S'. 

3 9S 
t 

1 29 

4 Ot 
4 IS 

4. .^7 

3 91 
1 22 

4 11 
23 

3 79 
1 09 


3. OS 
4 02 
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Table 2. —Average digeatibilUy of feeding stuffs supplied rabbits in this investigation 







Carbohydrates 



Feeding stuff and source 

Trials 

Dry 

matter 

(Crude 

protein 

Ether 

extract 

Crude 

fiber 

Nitro¬ 

gen-free 

extract 

Ash 

Energy 

Dry roughages: 

Num¬ 

ber 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Alfalfa hay (Pennsylvania).. 

19 

48.1 

TZ 3 

16.0 

18 2 

63 3 

62.4 

45.9 

Alfalfa hay, western, 1938 ((Cali¬ 
fornia). 

3 

67.5 

80.7 

20 0 

29.8 

81.9 

QIA 

64.6 

Alfalfa hay, western, 1939 ((Cali¬ 
fornia) - „ * . 

3 

(kl 4 

8.3.6 

39.1 

27 3 

74.8 

60.7 

61.6 

Bluegrass (California).. 

3 

45 2 

74 4 

40.9 

12 6 

41.0 

45 7 

45.4 

Clover hay (Pennsyhania) 

3 

52,8 

62.8 

61 8 

19 7 

67.2 

64 3 

49 3 

Kale (California). . .. 

3 

76 0 

81 1 

40 7 

59 5 

83 4 

74.1 

69 3 

KiuUu hay (Alabama) . 

.3 

38 0 

62 5 

12 4 

10.1 

55 8 

59 0 

34 4 

LesptKleza, common (Alabanw) 

3 

44 7 

66 7 

45 9 

10.6 

59 3 

.53 1 

43 0 

Lenpedezn itencea (Alabama). . 

3 

31 5 

28.7 

54 3 

7 3 

46. 5 

41.4 

28.6 

Lespedeza sertce>i (Mississippi) . 

3 

32 9 

30 8 

50 0 

8 5 

50 2 

51.1 

30.5 

Melilotushay ((^^alifoniia) 

3 

56.9 

79 0 

49 2 

6 5 

73 4 

72 4 

53 6 

Milo hay, green ((California) 

2 

44 8 

71 1 

46 .3 

15 7 

46.6 

49 5 

42 7 

Oat hay, green (Pennsylvania) 

1 

29 1 

61 0 

5.1 8 

10 4 

35 5 

50 0 

26.9 

r*eanut hay (Alabama) . . 

3 

47 1 

.55 0 

69 7 

25 0 

65 9 

46 1 

44.2 

Soyliean hay (Alabama) 

1 

41 3 

67 I 

3K8 

16 0 

.58 9 

54 0 

38.1 

Soybean hay. green (Pennsyl¬ 
vania) . 

3 

52 3 

69 0 

9 0 

24 0 

71 7 

43 6 

49 6 

Sudan grass (Cahforni i) 

3 

53 8 

68 1 

49 4 

26 6 

64 1 

44 9 

52 3 

Timothy hay (Pennsylvania) . . 

3 

36.5 

46 6 

44 2 

10 7 

51.0 

4.5 3 

34 6 

Vetch hay ((California) 

3 

56 2 

78 3 

62 8 

n 0 

72 4 

68 5 

52 0 

Wheat hay. green (Pennsyl¬ 
vania) . . . . 


50 5 i 

j 77.0 

1 50 3 

22 0 

53. 2 

55.7 

49 3 

(ireen roughages, roots, tubers 
(’abbage . 

3 

101 3 

' 98 6 

Kl 3 

88 2 

! 102 9 

94 I 

100 3 

('arrot. 

3 

92.8 1 

1 8.5 7 

79 4 

! 56 4 

i 97 8 

87 6 

90.8 

(’elery . . . .. 

3; 

92 5 1 

1 76 8 

90 7 

1 93.3 

1 98 8 

86.6 

89.3 

Rutabaga 

3 ' 

99 3 

89 4 

1 83 3 

, 103 6 

I 100 0 

96 0 

97.6 

Sweetpolato 

2 , 

92 6 

43 8 

1 75 6 

; 94 .3 

i 94 4 

103. 7 

90.4 

'I urnip. 


97 7 

90 6 

102 9 

82 1 

! 101 0 

86 2 1 

96 7 

Yam . . . 

3 

96.1 

51.7 

80 2 

123 1 

96 8 

: 109 0 ’ 

93 7 

(.^)iicentrates 

Parley 

3 

82 5 

84 8 

106 2 

12.5 

' 89 3 

! 41, 

82 4 

Beet pulp 

3 

82 1 

48 3 

-52 4 

71.8 1 

i 91 6 1 

' 77 7 

1 79 1 

Bread, dried 

Browers’ grains . 

3 ; 

KM) 2 

9.5 2 

98 5 ] 


KK) 9 1 

! 10,5 4 

99 0 

3 

.56 1 

84 7 1 

, 80 8 

20 6 

48 7 

15 6 

(VO 0 

Buckwheat 

3 > 

78 7 

72 2 . 

95 2 , 

16 5 1 

89.3 1 

89 2 

76 1 

(Corn .... . ... 

10 ' 

91 3 

84 2 

93 1 

145 8 

91 9 1 

44.8 

92,0 

(’ottonsee<l-oil cake 

4 

66 0 i 

83 5 ' 

98 6 1 

30 7 

56 .3 ' 

33 6 

70 4 

Linseed-oil cake. . 

3 

77 3 

86 4 i 

98 8 

20 5 

81. 1 

34 6 

79.4 

Milk 

3 ' 

92 3 

99.6 : 

95.3 


94.1 

84.1 

91 1 

M ilo maize 

3 

89 3 

72.1 

95 6 

i03 1 

90 6 

105 8 

86 9 

Oats ..... 

3 

68 2 

78 6 ! 

97 6 1 

-2 4 

78 7 

20 7 

69.6 

Peanut-oil cake ... 

3 

91 4 

91 2 

101 1 

48 9 

96 2 

09.2 

92 3 

Rye. . .. .. 

3 

90 5 

79 1 ' 

82 1 

53 G 

93.0 

86.2 

89 7 

Sesame-oilcake ... . 


81 6 

90 9 

101 3 1 

73 2 

84 4 

m 2 

90.3 

Soybean-oilcake 

4 ‘ 

89 7 

89 7 . 

96 1 1 

51 9 1 

95 5 

66 8 

90 0 

Soybeans, whole, Manchu 

3 ! 

88 S 

87 9 ; 

9.5 5 1 

85 3 ! 

(Ml 8 

62 9 

89 4 

Wheat 

i 

93 3 

84 6 1 

100 0 1 

28 5 i 

96 6 

5.3 6 

92 8 

Wheat bnin. . . 


62 6 

8:1 0 1 

77 2 1 

24 3 1 

05. 3 

33 0 

64.3 

Mixed rations I 

Purina omolene. 1 

1 

« ! 

74 9 

76 3 I 

87 2 

17 0 ! 

82.8 

52.7 

74 6 

Purina rabbit I’how 

! 

08 1 1 

76.3 ! 

1 

81.0 

18 2 I 

78.9 

58.8 

67.2 
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Table 3,—Dry-matter content and digestible nutrients of feeding stuffs supplied 

rabbits in this investigation 


Feeding stuff and source 


Dry roughages. 

Alfalfa hay (Pennsylvania)_ ... 

Alfalfa hay, western, 1938 (California) , 
Alfalfa hay, western. 1939 (California)-.-. 

Bluegrass (California). 

Clover hay (Pennsylvania). 

Kale (California) . .. ... 

Kudzu hay (Alabama)__ _ 

Lespedeza, common (Alabama). 

Lespedeza aencea (Alabama) . 

Lespedeza sericea (Mississippi) .. 

Melilotus hay (California) _ 

Milo hay, green (California).. 

Oat hay, green (Pennsylvania) 

Peanut hay (Alabama) _i_ 

Soybean hay (Alabama) _ 

Soybean hay, green (Pennsylvania) 

Sudan grass (California). . .. 

Timothy hay (Pennsylvania). 

Vetch hay (California).. 

Wheat hay, green (Pennsylvania) . 
(Ireen roughages, roots, and tubers 
(^-abbage. 

Carrot. 

Celery___ 

Rutabaga. 

Sweetpotato_ 

Turnip-. ... 

Yam. . - 

Cont«ntrates. 

Barley. _ ... 

Beet nulp ... 

Bread, dried . . 

Breviers'grains 

Buckwheat _ 

Corn 

Cottonseed-oil cake . .. . ... 
Linseed-oil (>ake 

Milk -- - . . 

Milo maize 

Oats _ - - . 

Peanut-oil cake _ 

Rye - _ .. 

Sesame-oil cake . _ 

Soybean-oil cake . 

Soybeans, whole, Manchu . . 

Wheat --- 

Wheat bran . _ . _ _ _. 

Mixed rations 

Purina omolene _ .. 

Purina rabbit chow . .. 
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Tablk 4. Composition of feeding stuffs supplied rabbits in investigations of Von 

Knieriem and Weiske 






Carbohydrates 



Feeding stulf 

Water 

i 

Crude 

protein 

i Ether 
extract 

Crude 

fll)er 

Nitro- 

gen-froe 

extract 

Ash 

1 

Hefereneo 

i 

Dry roughages’ 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 


' Bartxirea vulgaris Imy 

13.7 

14.3 

3 1 

28.2 

34.1 

0.6 

Von Knieriem (3,4). 

Clover hay, white. 

13 4 

16.0 

3.8 

17.2 

40.6 

9.1 

Do. 

Clover hay, red. 

13 3 

13.6 

4.0 

24.3 

39.3 

6.6 

Do. 

Darnel grass hay.-...I 

8 3 

6.3 

2.7 

36.0 

42.4 

4.3 

Do. 

Oeum rivale hay. 

12 5 

8.9 

3.4 

23 4 

43.3 

8.6 

J3o. 

Kidney-vetch hay 

11 H 

10.3 

3.2 

28 9 

39.6 

6.3 

Do. 

Orchar<i grass, rank. 

11.8 

10 2 

2 8 

28.1 

41.0 

6 1 

Do. 

Orchard grass, spare- 

11.4 

6.8 

2.2 

29 2 

43.5 

6 9 

Do. 

"Jhinothy hay.. 

10 3 

6.6 

1.6 

30 9 

39.6 

5.1 

Do. 

Vetch hay. 

Concentrates. 

15.3 

15.6 

2.8 

23.4 

32.3 

10.7 

Do. 

Barley.- . 

0 9 

11.3 

2 0 

4 2 

71.9 1 

3.7 1 

Weiske (S). 

<\)Conut cake- 

12 0 

21 8 

13 6 

14.4 

33.0 

5.3 

Von Knienem (3,4). 

Hempseed cake . 

13 7 

2f» 1 

9 2 

29.9 

12.6 

8. 5 

Do. 

Linseed cake_ -- -- 

11 9 

30 1 

9 0 

9.2 

33.2 

6 6 

Do. 

Milk . 

<K). 7 

3.6 

1 .5 


4.6 

.8 

Do. 

Oats.-. 

6 T) 

11.1 

1 5.6 

9.3 

64.7 

2.9 

Weiske (6,7). 

J‘aim-kernel cake. 

10 5 

16 9 

12.0 

17 4 

39.0 

4.2 

Von Knieriem (3,4). 

HuiMWd cake ... - 

10 b 

29.9 

1 8 .5 

11.9 

32.1 

7 0 

Do. 

B>e . 

V, 0 

12.0 

i 1 7 

2.1 

76 3 

1.9 

Weiske (8). 

Sunflower cake. 

9. 5 

30.7 

9.5 

19.4 

26 8 

6.1 

Von Knieriem (3,4). 


['able T). - Digestibility of feeding stuffs suvplied rabbits in investigations of Ton 

Knienem ana Weiske 






Carbohydrates 



Feeding siulTs 

Dry 

matter 

(Vude 

protein 

Ether 

extract 

(’rude 

fit>er 

Nitro- 

geiHnsj 

extract 

Ash 

Ke^erence 

J)i.\ loughages' 

Ptrcinf 

Percent 

Percent 

Percent 

Percent 

Percent 


Jinrharea vitfoaris hav 

5.') 3 

77 9 

62 4 

25.9 

66.3 

Tl 3 

Von Knieriem (3,4). 

(Mn\or hav, hite . 

72 7 

bS.2 

50 9 

57.4 

83 1 

72.4 

Do. 

('lo\er hav, red 

5.6 1 

64.4 

75 3 

26.5 

68.2 

53.6 

Do. 

Darnel gra.ss hay . . 

3,6 4 

54 2 

57.2 

12 5 

51.8 

22.7 

Do, 

(ietnn male hav 

5,'i. 2 

3'2.9 

62 0 

25 6 

73.1 

66. 5 

Do. 

Ktdnoy-\ctch hay .. 

ri.*) 9 

<15 8 

60 1 

27 1 

73 5 

59 6 

Do. 

Orchard gras.s, rank. 

j 47.6 

1 7<».0 

64 5 i 

15 2 

58 5 

68.5 

Do. 

( irchard gra.ss, Sparc _ 
'rimothy hay. 

41 2 

71 8 

<i3 1 

12.4 

59. 4 

55 9 

Do. 

33 6 

56.7 

55 0 ! 

18 5 

48,2 

27.4 

1 Do. 

Vetch hay . , 

56.7 

71 3 I 

,58 0 

29.9 

69 2 

56.3 

: Do. 

Concentrates 








Barley. .. .... , 

84 0 

67 7 i 

86 3 

25.1 

91.2 

51.2 

Weiske (S). 

Coconut cake. _ 1 

94.4 

95.7 

99 1 

89.1 

1 95.2 

86 6 

Von Knienem (3,4). 

11 <‘m pseed cake .... 


65 2 

90 1 

29.3 

8.2 

11 3 

Do. 

Jaiisecd cake . . . 1 


86 0 

93.4 

28.1 

76 0 

38.7 

Do. 

Milk . . : 


97 7 

91 7 


97.8 

80.0 

Do. 

Oats... 

73.7 

80 2 

93.8 

21 6 

79 5 

46 4 

Weiske (S). 

I’alni-kcrnel cake 


92 8 

97 7 

64 0 

77.9 

. 

Von Knienem (3,4). 

Kapesecd cake - _ 


78 9 

85.4 

39.8 

73.2 

... 

i 

Kye 

”84.4 

63.0 

76.3 

18. 5 

91 2 

34.4 

Woliike («). 

Sunflower cake . 

1. 

85.7 

79.1 

13 7 

45.0 


i Von Knieriem (3,4). 
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TABiiB iSr-Dry-matter content and digestible nutrients of feeding stuffs supplied 
rabbits as computed from data of Von Knieriem and Weiske 





Digestible nutrients in— 




Total 


1 Carbohydrates 




Ffodiiip: stuff 

dry 







Relerence 

matter 

Crude 

protein' 

Cnide 

fiber 

Nitro- 

gen-fUM* 

extract 

Total 

Fat 

Total 


Dry roughages: 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 


Barhana vulfiarh hay 

S6. 3 

11 1 

7.£ 

22 6 

29.9 

4 4 

‘.S. 4 

Von Kniorleiri 4) 

lover hay, white . 

86 6 

10 9 

9.9 

33.7 

43.6 

4 4 

.58 9 

Do. 

Clover hay, rod .. , 

86 7 

8.7 

6 4 

26.8 

33 2 

6 8 

48.7 

Do. 

Darnel grass hay . 

91 7 

4.0 

4 5 

22.0 

26 5 

3.5 

34 0 

Do. 

Geum rivale hay_ 

R7 5 

2 9 

6.0 

31 7 

37 7 

4.7 

45 3 

Do. 

Kidney vetch hay . 

88 2 

6.8 

7.8 

29 0 

36 8 

4 3 

47.9 

Do 

Orchard grass rank 

88 2 

7 8 

f 3 

24.0 

28 3 

4.1 

40 2 

Do. 

Orchard grass, spare 

88 6 

4.9 

.3.6 

25.8 

29 4 

3. 1 

37 4 

Do 

"rimothy hay . . . 

89 7 

3 7 

6 8 

1 19 1 

25 9 

2 0 

.31 6 

D(. 

Vetch hay . 

Concentrates: 

H4. 7 

11 1 

7.0 

22.4 

29 4 

3 7 

44 2 

Do 

Barley __ 

93 I 

7* 7 

1 1 

65 6 

66 7 

3 9 

78 .3 

Weiske (S). 

Coconut cake — 

88 0 

20*9 

12.8 

31 4 

44. 2 

:!() 1 

95 2 

Von Rmeni'ni (.7, i) 

Herapseed cake . 

86 3 

17.0 

8 8 

1,0 

9.8 

IS 7 

45 .5 

Do. 

Linseed cake_ . 

88 1 

25. 

2 6 

aH 2 

27.8 

18 9 

72. fi 

Do. 

Milk . . _ 

9 3 

3.4 


4 5 

4 5 

1 0 

8 9 

Do 

Oats - - 

93 

8 9 

2 0 

i 51.4 

.W 4 

11.6 

73 9 

Wi'iske (.V) 

ralin-kernel cake_ 

89. ft 

1.*) 7 

11 1 

i 30 4 

41 5 

26. 4 

8.3 h 

Von Knieru'iri (.7, A) 

Rape seed cake 

89 4 

23 6 

4.7 

2.1 5 

28 2 

16 3 

68 1 

Do. 

Rye. 

94 6 

7 6 

1.4 

1 69 6 

71 0 

2 tl 

SI 5 1 

Weiske (S). 

Sunflower cake . . 

(K) T) 

26 3 

2.7 

i 11.6 

1 

14 3 

16 9 

57 5 

Von Knieneni 4). 


Table 7.— Digestibility and digestible nutrients of feeding stuffs supplied rabbits 
as computed from data of liruggemann (/) 




Digestibility of- 

|l)igestilde 

nutrients 

Feeding stuff 

(>rganie 

matter 

CriKle 

protein 

Cnide 

fat 

Crude, 

fiber 

.\itrogen- 

frei* 

extract 

Protein 

Tot a 


Percent 

Ptrrmt 

' 

Percent 

Peret nt 

Percent 

Percent 

Ptreetif 

Mea<low hay.-.. 

47 2 

60 1 

43 I 

IS 5 

64 5 

5. 2 

39 1 

Lucerne hay .. _. - _.. _ 

61 3 

75 7 

15 9 

38 6 

72 

16 6 

48 .5 

Stinging nettle hay ... - 

63 0 

95 0 

.31 6 

42 4 

78 9 

20 8 

51.9 

Green lucerne 

81 5 

89 I 

70 8 

66 0 

88 0 

5 6 

15 8 

Green sweet lupine. 

78 9 

91 1 

73 2 ! 

m 5 

84 1 

.3 3 

8 9 

Ensilaged maize. 

55 0 

79 4 

96 1 ' 

24 2 

68 8 

1 3 

12 7 

Oats_ _ 

63 8 

79 0 

90 3 

18 0 

72 2 

10 3 

57 1 

Barley.. ... 

89 6 

78 0 

90 2 

72 2 

93 .3 

9 7 

77 2 

Wheat__ 

94 (1 

81 0 

91 8 

90 5 

97.0 

10 9 

82.2 

Boot roots .. _ _ 

96 6 

66 4 


1 100 0 

95 7 1 

1 .3 

10 9 

fit earned jiotatoes_ 

98 3 

58,3 

100,0 

; 100 0 1 

I i 

99. 1 j 

aaj 

22 0 


It is noticeable from this comparison that the dij^estibility of the 
crude fiber of dry roughages by rabbits is nunarkably low. This 
observation is not new, having been made by Von KnieViem as early 
as 1898 and recently confirmed by Briiggemann (/) and Watson and 
Godden (5). The latter workers found the total digestibility, as W(dl 
as that of crude fiber, of pasture herbage, consisting of mix(‘d grass(‘s 
with some clover, to be less with rabbits than with sheep. Tlu‘y sug¬ 
gested that the lower digestibility of crude protein, ether extract, 
and nitrogen-free extract might well be due to sweeping-out or occlu¬ 
sion effects of the indigestible fiber. Such effects are not evident 
from the present data, since the digestibility of the constituents other 
than crude fiber compares fairly well with that for ruminants. 
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From the data reported by Morrison (2) for horses and swine it 
appears that the capacity of rabbits to digest crude fiber is less than 
that of horses and nearly equivalent to that of swine. 

Since th(^ digestibility of true fat by rabbits is almost complete, as 
evidenced by the digestibility of the ether extracts from the whole 
grains, seeds, and oil cakes, it seems quite justifiable to suggest that 
the percentage digestibility of the ether extracts from the dry rough- 
ages furnishes a rough measure of the proportion of the fatty acid 
esters to the nonlipide constituents of the ether extracts. 

Among the better roughages for rabbits, judging by the digestible 
nutrients they furnish, are dried kale, alfalfa, vetch, and clover hay, 
green soybean and green wheat hay, and Sudan grass. Peanut hay 
might be included in this list, but the lot of hay employed in the 
present work contained some nuts, which may have accounted for a 
considerable portion of the digestible nutrients. 

The poorest of the dry roughages was definitely oat hay. Not only 
w«s it unpalatable but the weight of the feces from the hay almost 
(*qual(‘d that of the hay itself. One rabbit died, apparently of under¬ 
nutrition, after subsisting on GO gm. of oat hay daily for 9 days. 
Anotlu^r rabbit, subsisting on 80 gm. of oat hay daily, lost 560 gm., 
or 30 percent of its original weight, in 2 weeks. 

A notic(»able diffc^renci*. in palatability was evident between the 
Lespedeza sericea from Mississippi and that from Alabama. The 
former had a pronounced odor of tea and was much less palatable 
than the sample from Alabama. The digestibility of the two samples, 
how(*ver, was not considerably different. 

All the constituents of the green roughag(‘S, roots, and tubers were 
found highly digestible by rabbits. Even the crude fiber of these 
feeding stuffs was highly digestible. It is obvious, however, that the 
m(*thod of determination of crude fiber is not sufficiently definitive to 
allow interpretation of the high digestibility of crude fiber in these 
heeding stuffs as compared with its low digestibility in the dry rough- 
ag('s. It appears that the chief virtue of the green roughages and 
roots as fetniing stuffs for rabbits is in their accessory food factors 
rathiu’ than in th(‘ <iuantities of digestible nutrients which they supplv. 

In regard to the concentrates those which furnished digestible 
nutriiuits in ('xc(*ss of 80 percemt of their weight are listed in order as 
follows: Soybeans, dried bread, peanut-oil cake, milo maize, sesame- 
oil cake, and corn. Wheat, rye, linseed-oU cake, barley, and dried 
bec't j)ulp furnish digestible nutrients ranging from 70 to 80 percent 
of their weight. The constituents of milk are highly digestible by 
rabbits, but this feeding stuff is doubtless more valuable in furnishing 
accessory food factors than quantities of digestible nutrients. Soy¬ 
bean-oil cake, peanut-oil cake, soybeans, sesame-oil cake, linseed-oil 
cake, and bn'wer’s grains may be listed as notable sources of protein 
for rabbits. 

TOXICITY OF COTTONSEED-OIL CAKE FOR RABBITS 

There seem to be no published observations on the toxicity of 
cottonseed-oil cake for rabbits. In the early part of this w'ork 
cottons('ed-oil cakc' was offered in pellet form, with an equal weight 
of alfalfa hay, to three rabbits. Two of these rabbits refused to eat 
the cottonseed pellets after the second day. The third rabbit con¬ 
tinued to cat the cottonseed for 9 days before refusing. This rabbit 
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ceased producing feces and lost all appetite for any kind of feed offered. 
By the eleventh day its abdomen was hard and bloat(‘d, and it died 
on the thirteenth day after cottonseed-oil cake had first been eaten. 
Post-mortem (examination indicat(‘d practically complete intc'stinal 
stasis. The contents of the caecum and lowcu* gut werce hard-packcul 
and dry. 

Attempts to feed other rabbits on cottonseed pellets and alfalfa 
hay ended with their rejection of the cottonseed after 2 or 3 days. 
No obvious ill eflects appcanHl in these rabbits. 

At a later date three rabbits were offered pcdlets of cottonse('d-oil 
cake with vetch hay. They refused to cat the cottonseed aftc'r 6 
days, showing signs of constipation. Two of these rabbits n^covered 
after being fed cabbage and a commercial rabbit ration for st^vernl 
days. The third rabbit continiu'd to fail; and, because of the* ad¬ 
vancing symptoms of anorexia, constipation, abdominal rigidity, etc., 
it was kilh^d for autopsy. Among the overt symptoms, int(^stinal 
stasis was again marked. The Jungs, kidru'y, heart, and Vwor 
appeared normal. 

The feeding of cottons(Hul-cake p(dlets with soylx^an hay (gn^cMi, 
dried, from Pennsylvania) was unicpie in that the rabbits continiKMl 
to eat the cottonseed oveu* a much longer pcu'iod than with the other 
roughages. One rabbit exhibited no ill (‘fleets aft(‘r r(‘ceiving 40 gin. 
of cottonseed cake with 40 gm. of soybean hay daily for 10 days. 
None of the unfavorable symptoms observed pr(‘viously in otlu'r 
rabbits appeared in this one; but 4 days after b(nng taken off th(‘ 
cottonseed diet and put onto a commercial rabbit ration th(‘ rabbit 
died. The second of tlu'se rabbits ate the cottonseed with soyb(*an 
hay for 15 days before exhibiting signs of constipation and failure of 
appetite. This rabbit continued tofail and was kill(‘d on the (‘ight(‘(‘nth 
day after initiation of the cottonseed f(‘(‘ding. The third rabbit in 
this group rejectc'd the cottonsced-soyb(*an hay diet after 14 days, 
lingen'd for 7 days by nibbling at offerings of cabbage' and commercial 
rabbit ration, but di(*d on the twenty-se'cond day aftc'r the initiation 
of the cottonse(‘d fecnling. 

The cottons(‘('d cak(‘ f(‘d was made from sec'd gn)wn in tin* San 
Joaquin Valley, Calif., in 1937. 

No study was made of the cause of tin* obsc'rvt'd toxicity of tin' 
C()ttonse('d-oil cake. 

SUMMARY 

The composition, digc*stibility, and digc'stibh* nutri(*nts of 47 fe(‘d- 
iiig stuffs, including dry roughag(‘S, gri'cn roughagc'S, roots, tulx'rs, 
concentrates, and commercial mix(‘d feeds, for rabbits, an' report('d. 
The greater part of the determinations wc're made in tri[)licate. 

Concentrates were found to be W(‘ll dig('st('d, and, with the exception 
of crude fiber, roughages were nearly as well digested by rabbits as by 
domestic animals. 

Kale, alfalfa, vetch, clover, soybean, wheat, and Sudan grass were 
found to be among the better roughages for rabbits. 

Tlie poorest roughages studied vrere bluegrass and oat hay. 

When fed as the sole concentrate, with tlu' same quantity of rougli- 
age, cottonseed meal was found to be toxic to rabbits, the most 
prominent effects being int('stinal stasis and loss of appetite. 
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Results of previously published work are tabulated and all available 
data concerning the utilization of feeding stuffs by rabbits are thus 
brought together. 
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CANE GALL OF BRAMBLES CAUSED BY PHYTOMONAS 

RUBI N. SP.‘ 


By E. M. Hildebrand 

Assistant professor of plant pathology^ New York {Cornell) Agricultural Experiment 

Station 

INTRODUCTION 

Because of a similarity in gross symptoms, cane gall has often been 
confus('d with crown gall caused by Phytomonas tumejaciens (Sm. and 
Town.) Bergey et a/., although its identity was apparently established 
bv Banfield (i, 18),^ Pinckard (f5), in a comparative study of the 

physiology of cell-stimulating bacteria, demonstrated rather con¬ 
clusively specific differences between these two organisms and pro¬ 
vided a basis for describing the cane gall organism. The present 
paper summarizes the results of observations made on this disease 
and its causal organism in New York State during the past 7 years 
and brings together other pertinent facts from the literature to assist 
in describing the causal organism. 

Cane gall is undoubtedly an old disease since over 40 years ago 
Bailey (1) reported in New York a so-called cane-knot disease of 
blackb(‘rries and illustrated typical cane gall symptoms. He states: 
^'It is apparently not common, but it must be widespread for I have 
bad specimens from as far w'est as Wisconsin.Shortly thereafter a 
similar disease was reported from Europe {17, p, 606^ 19, 20). That 
cane gall now occurs widely in the raspberrv-growing sections of the 
lhiit(‘d States (Ohio, Indiana, Michigan, Illinois, and Oregon) has 
been indicated by Banfield (4, 18). The writer found it in New York 
in 1982 and Zundel {21) has noted its presence in Pennsylvania. 

SYMPTOMS 

Symptoms a|)pear on the fruiting canes of Hybns spp. in late May 
or ftune as small spherical protubcTances or elongate ridges of white 
granular gall tissue (fig. 1). The small whitish eruptions rapidly 
increase in size and number and may completely cover sections of the 
cane surface, b(‘ing most abundant on the lower part of the cane but 
appearing also on the upper part and even on the small terminal 
branches. After several weeks the whitish gall tissue turns brown 
and begins to disintegrate near the soil surface (fig. 2). The enlarge¬ 
ment of the galls frequently causes the stems to split open and the 
canes to dry out. These injured canes produce only small seedy 
berries. Growers refer to the condition as *‘beading,^^ '^coraling,'^ or 
^n^notting.^* 

Under severe disease conditions one New Y^ork grower wrote 
Bailey {!), that the disease ^‘progresses rapidly, as the fruit grows, and 
when the fruit is about two-thirds grown the leaves begin to wither, 
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the caiie dries up, and the berries ripen. On very badly diseased canes 
the berries wither luid diy up." Tlie course of the disease as outlined 
above was very similar to that observed on the Sodus variety of 
purple raspberry m the writer’s garden in 1939 



Ficuhe 1.- Stages in cane gall development on black raspberry. The first svnii 
toms api^ar (A) on the fruiting canes in Mav as spheres or ridges of whii 
granular tissue. The galls increase in number and size and during Jur'e the 
may appear singly or in rows (B) or in more or less elongate ridges (C) (Photi 
graphs furnished by W. M. Baiifield). ivnoK 


According to Banlicld, canc galls arc seldom found on the roots 
of black raspberry, the plant principally used in his studies, or on 
the roots or canes of red raspberry, and rarely, if cvi'r, on black rasp- 
during the hret year of their growth. Bailey (/) states 
that the disease, probably attacks the growing shoots, although it is 





688 


Journal oj Agricultural Research 


Vol. 61, No. 0 


not apparent until the following year, when the grower, noticing that 
the leaves arc yellow and the fruit not filling, examines tin* canes and 
finds these knots upon them/’ 

ISOLATION STUDIES 

The cane gall organism was readily isolated from fresh young galls 
by using poured plates of such media as potato-dextrose or potato- 
mannitol agar.3 Banficld {4) induced cane galls on black raspberry 
under aseptic conditions, and when isolations were attempted 3 weeks 
later only cane gall bacteria appeared on the plates. Numerous 
isolations by the writer from young galls of about the same age, but 
produced under exposed conditions, generally gave cultun's relatively 
free from contaminants. However, when isolations W(*re attempted 
from older galls and from soil, serious difficulty was encountered 
with contaminants, oven in the former case, although the greatest 
care was exercised in removing the outer gall tissue before takini’^ 
samples. 

To discover a more suitable isolation medium, a comparative study 
was made involving, in addition to the common laboratory nnulia. 
several selective media (7, 11,12) of which the aniline blue medium o^ 
Hendrickson et al. proved fairly satisfactory. The bacterial colonic's 
resulting from tissue and soil isolations caim* up in aniline blue agar 
plates largely free from contaminants. 

Whenever discoloration became pronouiiced in the can(‘ galls, which 
was a rather common occurrence in the field in July, it was no longc'r 
possible to recoveu* cane gall bacteria from them by any nn^thod tri(‘d. 

Before pathogenicity tests were carried out, tin' parcuit cultures W(‘re 
purified by making single-cell isolations {10), Five single cells were 
isolated from each of the original parent cultures obtained from two 
black and one purple raspberry planting in New York. (Irowth 
resulted from two cells isolated from cultun* 1, fiv(* from cultun' 2, 
and three from culture 3, These 13 isolates (counting both |)ar(‘nts 
and progeny) appeared id(*ntical in culture and were (‘inployi'd in 
making subsequent studies. 

PATHOGENICITY 

Galls were readily induced by inoculation of the organism into fruit¬ 
ing canes, current season cane growth and petioles, and roots. Figure 
3, A, illustrates an early gall development on a current season (*ane 
and petiole stimulated by needle-puncture inoculation. A later stag(' 
produced in the same manner is shown in figure 3, B, A high inci(](uic(‘ 
of infection ranging from 80 to 100 percent usually resultc'd from 
needle-puncture inoculations into current-season canes. Figure 3, C, 
illustrates an advanced stage of gall developimuit on new growth, tln^ 
radial extension of the gall btfing over 1 inch. Brown patches over the 
surface indicate that decomposition is taking place. 

Small galls were produced on the roots of plants when the bacteria 
were introduced into the soil either directly or by m(»ans of water wash¬ 
ing the bacteria oflF galls above ground. Wounds for infection courts 

3 The ingredients for 1 liter of potato-dextrose agar eorhsisled of 2(K) gm. of iwtalo fskins removed). 17 
gm. of agar, 10 or 20 gm. of dextrose, and distilled wat»‘r. The sani'* ingn^clients were used in potato-mannitol 
agar except for the substitution of 6 gm. of mannitol for the dextrose and the addition of a small pinch of 
finely powdered calcium carbonate. 




Fkhjrh 3. Hcoults of iieedle-piiiicturo inoculations with the canc gall organism 
on Plum Farmer black rasplK*rry plants: A, Gall symptoms on a petiole and 
stem of new cane growth 4 weeks after inolcuation; B, cane galls on eturent 
season steins 2 months after inoculation, with discoloration beginning to set 
in; C, cane galls on current-season growth about 11 weeks aft^r inoculation. 
These galls measure over 1 inch in radial extension and the surface discolora¬ 
tion indicates a rapid state of detcTioration. Small root galls (a) are also present. 

41 - 
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were produced by probing among the roots with a sharp tool. Several 
small galls of this character may be seen in figure 3, (7, a. 

When inoculations were made early in the season into fruiting canes, 
the incidence of infection was lower than when they were made into 
current-season growth. The reason for this was not ascertained. 
However, when infections wore obtained there was a tendency for the 
galls to form ridges upward on the stem, the phenomenon so character¬ 
istic of infections occurring in the field. 

HOST RANGE 

Cane gall has been found in New York commercial plantings on 
black raspberries, purple raspberries, and blackberries, and when 
inoculated with the cane gall organism these plants and red raspberries 
also have been found susceptible to infection. On black raspbt^rry 
canes 25 inoculations induced 25 galls with an average radial extension 
of 22 mm. after 6 weeks. Similarly on purple raspberry, n^d rasp¬ 
berry, and blackberry canes, 25 inoculations induced 25, 18, and 25 
galls, respectively, with averag<‘ radial extensions of 20, 4, and 18 mm. 
These results confirm a report {18) from Wisconsin for black rasp¬ 
berries. Although studies on host range are incomph^te, it probably 
deserves mention that none of the plants thus far tc'stc'd except the 
brambles have been found susceptible to infection. Pinckard (IS) 
also failed to secure infection on tomato, beet, oleander, aiul olive. 

LIFE HISTORY 

The life history of tlie cane gall organism in relation to |)athogen(^sis 
has received considerable attention especially from Banfield (.J), but 
several details still remain to be determined. 

The organism seems to enter tlie plant only through wounds or 
other injuries, for applications of bacteria to th(‘ surfaces of uninjured 
petioles, stems, and roots have always given negativ(' n'sults. Tlie 
exact mode of entry in the field is unknown; how(*ver, root-f(‘eding 
insects (5) or other insects that injure the phuits, pruning wounds, and 
injuries to the underground parts produced in cultural operations, all 
would seem to afford adequate opportunity for bacterial invasion. 

Banfield (5), in studying crown gall on red raspberry, observi‘d that 
infections occurred only tlirough injuries. A further significant fact 
observed was that injured tissue on the underground parts of n*d 
raspberry remain infection courts for as long as 7 wcH'ks aft(‘r injuiy’. 
This slowness of wounds to heal favors the liktdihood of invasion by 
all forms of wound pathogens, including the cane gall organism. ()f 
perhaps equal significance is the delayed incubation period. This 
has been established for crown gall (5), but undoubtedly plays as 
significant a role in cane gall. 

The incubation period (latent period of infection) based on inocula¬ 
tions during the summer months (June to Septemlx'r) was never less 
than about 2K weeks and averaged nearer 3 weeks. This interval 
is somewhat longer than for the crown gall organism on raspberry as 
reported by Banfield (5). From two to four plants were inoculated 
at monthly intervals by needle punctures, each plant receiving an 
average of five inoculations into the growing canes. By judicious 
pruning, new growth was available each month. Inoculations were 
not attempted later than September, but for April and May tin* 
incubation periods averaged approximately 6 and 4 weeks. 
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The location of the casual organism in cane galls on black raspberry 
was thoroughly studied by Banfield W), who found the bacteria 
principally between the cell walls but ramifying throughout all regions 
of the gall in the form of zoogloeal strands which dissolved away the 
middle lam(*lla of the cell walls for channels. The gall initials found 
beneath the phelloderm of fruiting canes in early spring appear to 
be induct'd by hyperplasia ^ of tlie pericycle and phloem ray cells. 
From the timt' of the first microscopic appearanct' of the gall to its 
maturity, bacterial pockets are of common occurn'iice in the meris- 
tt'matic areas. Apparently they result from successive lysis and 
collapse of cells in contact with the bactt'Hal strands; the cells just 
beyond the bactt'rial strands divide and those farther removed are 
not stimulated. As the galls near maturity, cell division becomes 
progressively more* feeble ami tissue* degeneration more general. It 
is an inten'sting fact that the ce'll walls which are composed largely of 
cellulose* appe'ar ne)t to be* elissolve'd by the bacteria. 

The bacteria may be elischarge'd H) from the cavities or pockets in 
the* gall before el is integration sets in. Discharge takes place by w^ay 
e)f int(*rce*llular channe'ls to the surface which are presume'd to have 
be*e*n occupie*el by bacterial strands. 

The* cane gall eirganisrn was founel only in gall tissue wlu'n current 
se*ase)n st(*ins we'ie* ine>eulate*el at t/wo widely separated points. Galls 
2 J 2 me)uths olel pre)eluceel tiear the ape'X or the base of current season 
cane*s wh(*n the*y were* abe)ut 12 inche's long were e'mployed. In one 
case* isolatiems wen* attennpteel from the fresh galls and from the appar- 
<*ntly h(*althy st(*m be‘tween the'se galls cut into four 3-inch pieces. 
Bacteria w ere obtained only from the gall tissue*. In another case, the 
galls anel ste*m pie'ces we*n' imme*rse*el in calcium hypochlorite solution ^ 
fe)r 20 minute's to revluce* surface* contaminants. Subsequently the 
galls w’e*re* passe*el through sterile* elistille'el water se*ven times, changing 
at hourly intervals. Platings w e're made from the washings, employing 
pe)tate)-inannitol agar anel aniline blue se*le*ctive‘ me*dium. The results 
inelicate that the bacteria were* limiteel to the imme*eliate gall region, 
that the*y had not migrate*el in curre*nt season cane*s, and that they 
we*re' fre*e'ly give*n e)fl‘ at the gall surface whe'n immerse'd in water. Only 
one washing, that iininediately fedlowing immersion in calcium hypo¬ 
chlorite* sedution, faile*d to yie'lel bacte*ria in abunelance from the unin- 
jureel galls, anel this w as undoubtedly elue to the residual e'fft'cts of the 
elisinfe'ctant. 

In a similar e'xperime'nt on fruiting cane's the* bacteria were obtained 
from the* galls anel also from the ste*m tissue for a short distance (up to 
10 mm.) imnu'eliate'ly above the galls, a fact which sugge'sts that the 
fruiting canes m\ist eliffer in some re'spe'cts from curreuit-season canes 
since* the'y affe)rel passage for the bacteria. 

Longevity e'xperiments se'e'in to indicate that the perioel of survival 
of the cane gall bacterium in soil is much shorter than the pe'riods of a 
year or me)re* found t'arlie*r for the hairy root {8) anel crown gall (S) 
organisms. Ste^ame'e^ and unste'amed soil were artificially infested with 
cane gall bacteria and storc'd e'ither out of eloors e^r in the greenhouse 
in early Octobe*r. Isedations we*re atte*mpte*d at monthly intervals, 
theisolation te*chnique of Hildebrand (8) being use'd. The soil samples 

♦ Butler (fi), who examined histologically cane galls on black raspberry ri'Cidvod from W’^isconsln, mentions 
the presence of both hyp(*rtrophy and “hvivrplasy” in the older gall tissue. 

* Consists of 10 gm. of calcium hypochlorite mixed wdth 140 cc. of distilled water, filtered, and used fresh at 
full stnmgth. 
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coiisist('(l of (lupliottto } 2 -cubic-foot lots of rnoclenitoly rich clay loam 
placed in woodc^n containers. The steaming treatment was carried on 
for 1 hour at 15 pounds pressure. The inoculum consisted of a 3-day- 
old growth of the bacteria on potato-mannitol agar. The maximum 
survival period found in these experiments approximated 6 months in 
soil stored outdoors and 4 months in soil stored in the greenhouse, and 
in each instance the length of survival was about 1 month longer in 
steamed than in unstearned soil. The relatively short period of sur¬ 
vival of th(‘ cane gall bacteria in soil would seem to point to some other 
mode of overwintering, such as in the plant itself, ut the solution of this 
problem remains for the future. 

THE CAUSAL ORGANISM 

The methods giv{‘n in Pure Culture Study of Bacteria as of 1933-36 
were followed except as noted {15^ 16). In th(» studies on physiology, 
the chief reliance was placed on results given by Pinckard (13), whose 
work on this organism was generally n^peatcnl and confirmecl. 

GROWTH IN CULTURF: 

When isolations were made from young 3-week-old galls, minute 
whit(‘ coloni(‘s W(U*(* visible on the surface of potato-mannitol, potato- 
dextrose*, or yeast-extract-d(*xtrose agar aft(‘r 3 to 5 days, and after 2 
to 3 days wlien isolations W(*re made* from the* organism in culture. 
At the end of 10 days at 24® C. the coloni(*s wen* circular, smooth, 
entire, and raised, with the largest not much more than 4 mm. in diam¬ 
eter when the number of colonies to the* plate approximate*!! 100. 
Submerged colonies were disk-shaped (double* convex) and approached 
half the size of surface colonies. 

When anilin(*-blue agar was employed, it was not uncommon for 
many of the colonies to take* up the dye, but this did not prove* to bo 
of positive diagnostic value*.® The aniline-blue me*dium did se*rve to 
distinguish the cane gall fre>ni the cre)wn gall and hairy loot e)rganisms. 
When streaks we*re* maele on the surface* of this agar, the cane gall 
organism, like the crown gall organism, toe)k up the* elye*, but the* hairy 
root organism did not. Altheiugh both abse)rbe*d the* dye*, the cane^ 
gall organism made* much le*ss growth than the* crown gall e)rganism 
and produced a narreiw, thin, almost Hat streak in contrast to the 
broael raised streaks produced by the other two organisms. 

In nutrient-breith cultuivs of the cane gall organism a uniform mod¬ 
erate turbidity was proeluce*el in about 2 elays, but ne) pe*llicle was 
fonne*d. On potato-mannitol-agar slants a moele*rate*, filiform, gliste'ii- 
ing white* growth de*ve*lope*d along the streak in 48 hours. Tlie e*dges 
we're entire and the consistency of the* growth was at first watery to 
butyrous. Upon aging the* growth became* a dull civamy white*, 
spread irre'gularly, flattene*d, anel change*el te) a tough le*athe*r consist- 
ene\v. 

The* cane* gall organism grows sleiwly as ce)mpare*el with other ])lant 
pathogens, an observatie)n also maele by Pinckard (13). In a study 
of growth rate's (9), it was ele'me)nstrate'el that this e)rganism gre'w more 

® Becaus(‘ both erown khU and caru* jjall bacteria take ui> anilirie-bliie dye readily when streaked on aniline- 
blue agar, It was thought that these bacteria might ixissibly take up the dye when isolations were attempted 
with poured plates. However, after repeated ex|)eriment. it was found that when dilution plates wore 
poured, from none to many colonies took iii> the dye and the organisms from dyed as w^ell as from undyed 
colonies were pathogenic. Hendrickson et al. (7) also noted that er(»wn gnli baeUTla hav(‘ strains which do 
not absorb dye. 'rids pliase of the work deserves further study 
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slowly than any of 11 spc'cies of plant pathogens, having a minimum 
generation time of 155 minutes. 

MORPHOLOGY 

When grown in culture media, the eane-gall organism is a rod with 
roundcnl ends usually appearing singly or in pairs but sometimes 
occurring as short chains. Banfield (^), however, observed that when 
present in host tissue* these* bacteria are always groupe*d in chains or 
in masses anel do not occur singly. Afte*r having grown on potato- 
mannitol-agar slants for 48 hours at 24° C. the cedis were found to have 
a mean size of 1.72 /x by 0.64 /x when mounte'd with congo red negative 
stain. A repetition of the measur(*ments of 6 of the 13 cultures take'n 
at random from the collf*ction gave a mean size of 1.72 /x by 0.63 /x- 
For e*ach culture, 100 inelividual cells we*re measure'd. 

The* organism was motile in several liquid and solid media. Pre*- 
surnptive evid(*nc(* for motility was obtainc'd when turbidity was 
observed at consid(*rable distances from the* center in tubes of soft 
potato-mannitol agar (0.3 perc(*nt agar) which had been s(*ed(Hl by 
stab puncture*. Following the isolation of single ce'lls in potato- 
mannitol agar and nutrient broth, tlie appearance and progress of 
motility of the* pre)ge*ny culture*s was more pronounced in broth than 
on agar, anel eu) the* feiurth, fifth, and sixth days afte'r isolation into 
micre)culture* than e*arlie*r. 

Polar flagedla we're elemeinstrate'd by me'ans of dray’s anel Casare'S- 
Oil’s flage'lla stains. The* feirmer prove*el better but still not e*ntirely 
satisfactory be'cause* e)f elifficulty in ge*tting the flage'lla to take up 
the elye. vSe*ve*ral long flage'lla we*re* commonly obsi*rve‘d n(*ar one of 
the pe)les in a subpolar position. Only rathe'r raivly we*re* they ob- 
serveel at be)th pole's anel in the*se cast's it is possible* that the cells were 
ne*aring the fission pehnt. Seune of the flagedla w^eue 10 times as long 
as the* inelivielual ce*lls. 


PHYSie)LOGY 

The* work of Pinckarel {13) on the utilization of various source's of 
carbon anel nitrogen " was repeate*d anel veritieel by the use of his 
mineral salt yeast-extract basal ine'diuin. Atte*mpts to use the 
St)cie*ty e)f American Bacteriedeigists’ basal me*elium or to substitute 
sim])ler substance's, suedi as e/-glutamic acid, asparagine, inositol, 
ascorbic aciel, anel thiamin for yeast e'xtract, we're unsucce^ssful. All 
tests w ere maele* in quadruplicate*. Acid was proeluce'el from arabinose, 
xyle>s(*, rhamne)se', fructose, mannose, galactose*, glucose, lactose, and 
erythritol. An alkaline reaction appe'are'd wuth me'h'zitose, starch, 
inulin, pe*ctin, lactositol, ciilcium gluconate, formic acid, acetic acid, 
propionic acid, glycollic acid, malonic acid, succinic ae'id, tartaric 
aciel, malic acid, and yeast extract only. Ce'llulose w^as Tiot fe'rme'nted. 

The cane gall organism appears to be* able to use most readily tlie 
more complex nitre^gen compemnds such as ferric ammonium citrate, 
uric acid, e>xamiele*, succinimide, Z-asparagune, Z-tyrosine, Z-cystine, 
eZ-glutamic acid, anel ye'ast e'Xtract. 

de'latin was not liquefied. On litmus milk a slight serum zone, 
pink color, aciel anel curd wx're produce'll. Nitrate's we're not utilize'el 

^ The writer n‘tested all of I'inckard’s carbon sourms except aeseulin, phloridr.in, anti calcium ghiconatc 
but (lid not make any determinations on titratable acidity 
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and nitrites not produced in the synthetic nitrate medium listed in the 
Manual of Methods of the Society of American Bacteriologists (14)- 
When grown in Bacto-uutrient broth there was a slight test for 
ammonia (Hansen’s method p. 12), In Bacto-tryptone broth 
ne^tive tests were obtained for hydrogen sulphide production with 
ZoBell’s method {15, p, 11) and for indole with Gnezda’s technique 
{15, p. 10), Starch was not hydrolyzed and casein not digested. In 
agar shake cultures, only slight turbidity developed below the sur¬ 
face, placing the organism somewhcTc between an aerobe and a 
facultative anaerobe^ as to oxy^gem requirements. No apparent gas 
was produced. The organism when grown in nutrient broth had a 
thermal death point of aboTit 56° C, 

TAXONOMY 

The cane gall organism is considered to be a mt^mber of the genus 
Phytomonas and the name Phytomovas ruhi n. sp. is proposed for it. 
Svnonyms (according to the classifications \iscd by plant pathologists) 
would be Bacterivm rnbi n. sp. and Psendomonas rubi n. sp. 

Technical Description 

Phytomonas rubi n. sp. 

Small, Grani-iiegati\e, noa-acid-fast rod (1.72 m by 0.04 ix) with rounded ends, 
oliiefly occurring singly and in pairs, occasionally in short chains in culture and 
in chains and masses but not singly in host tissue. Weak facultative anaerobe 
with optimum growth at 27® C.; thermal death point about 56® C.; motile i)y 
subpolar flagella; spores not formed. 

On potato-mannitol-agar slants growth .slow, moderate, filiform, white to creamy- 
white, with butyrous consistency later becoming leathery. Uniform clouding ()f 
bouillon cultures in 36 to 48 hours. Gelatin not liipiefied; starch not hydrolyz(*d; 
nitrates not reduced but sliglit ammonia produced in nutrient broth: hydrogen 
sulfide and indole not formed. Acid produced in milk. Acid but no apparent 
gas from arabinose, xylose, rhamno.'^e, fructose, mannose, galacto.se, glucose, 
lactose, erytliritol. Alkali but no apparent gas from melezito.se, starch, inulin, 
pectin, lactositol, calcium gluconate, formic acid, acetic acid, pro]>ionic acid, 
glycollic acid, malonic acid, succinic acid, tartaric acid, malic acid, and yeast 
extract 

Although it also adsorbs dye, it is readily distinguished from crown gall organ¬ 
ism when streaked on aniline-blue agar; .slow-growing with minimum generatienr 
time of about 155 minutes. 

Pathogenic on black and pur])le ra.spberries, blackberries, and, to much lesser 
extent, on red raspberry 

DISCUSSION 

Cane gall lias some tilings in common with cro\m gall, (‘specially 
in gross svmptomatalogy and in certain phases of the* lif(‘ history of 
the causal organisms. Phftomonas rvbi is distinctly diffenuit from 
P, tumefacievs in its physiolog^^ and pathogenicity, including growth 
charactcT (in artificial media, a pn^fenuice for complex nitrogen 
sources in its metabolism, and a restricted host range. Tli(‘se anti 
other characteristics summarized in table 1 constitute a ba.sis for giving 
it specific rank. The characteristic of motility by subpolar flagella 
may have significance in determining its taxonomic position, but for 
the present it is placed in the genus Phytomonm, 

At present, cane gall is of minor importance in New York, thanks 
largely to the efficiency of the inspection service and extension work. 
Control measures that are adequate for crown gall are easily adequate 
for cane gall. One reason may be that cane gall giuierally occurs upon 
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the visible parts of the canes, wliicli facilitates eradication; another 
that the cane gall or§^anism apparently is less able than the crown gall 
organism to survivci in soil. Obviously this latter observation needs 
further study. Prof. L. M. Cooley, formerly at the Geneva (N. Y.) 
ExperiiTK'iit Station, who cooperated with the writer in the field in the 
course of tlu^se obs(»rvations on raspberiy disijases, noted a progressive 
declines in cam*, gall in western New York plantings, and at the present 
time his successor, Dr. R. F. Suit, has infrequently encountered it in 
commercial plantings in areas where it was formerly present. 

'Fable 1. —Differential characteristics of the cane gall organism {Phytomonas ruhi 
n. sp.)i and the crown gall organism {P. tumefaciens) 


nitlereutial characJters C'anp gall organism \ Crown gall organism 


Symptoms on naturally In- 
foctcii plants. 


Symptoms on artificially in¬ 
fected plants. 

Longe\ it> of organism in soil 
I lost range . 


Minimal incubation period j 
Motility of bacteria 
Stability of bacteria in cul¬ 
ture. , 1 

Minimal generation time of j 
bacteria 

flrowth In ] 

Nuirient-devtrose broth , 
Potato-mannitol agar - ' 

N itrogen metabolism .... . i 


Galls found at and above soil level . 

Galls discolor and decompose rapid¬ 
ly; ordinarily unable to Isolate 
organism after July 1. 

Long gall ridges or galls distributed 
indiscriminately on canes. 

Bacteria migrate up through outer 
tissue of cane. 

Very small galls on roots . _ _ 

Small galls below soil level on canes 

Large galls above ground - -.. 

Few months 

Limited genus Rubutt 

to H weeks _ . ... 

Motile . . 

Unstable; pathogenicity frequently 
lost within a year. 

IW minutes. . . . 


Galls found at and below soil level. 

Galls, while subiect to decomposi¬ 
tion, may i>erslst throughout sea- 

I son. 

j Galls generally occur individually. 

I Bacteria unable to migrate up the 

I cane in same manner. 

! Large galls on roots. 

Large galls at and below Sf)il level on 
canes. 

Small galls above ground. 

1 to 3 years. 

Very wide, includes many plant 
families 

10 days to 2 weeks 

Poubtful motility in many cases. 

I Very stable, pathogencity retained 
for 10 years and longer. 

78 minutes. 


iieaction on litmus milk 


Weak growth, slight or no indlicle. 
Thin leathery grow th with time .... 

1 nable to use potassium nitrate, 
ammonium nitrate, ammonium 
sulfate, potassium nitrite, urea, 
dicyandiamide and acetamide 
.Slight serum zone 
..'{pink color ... 

lAeid . - ... 




strong growth, heavy pelhcle. 

! .Abundant grow’th, wratery to buty- 
I rous 

i Ammonium nitrate, ammonium sul- 
j fate, pota.ssium nitrite, urea, di¬ 
cyandiamide, and acetamide sup- 
'< port excellent grow th. 

, Heavv s<‘rum zone 
i Grayish browm. 

I Neutral. 


SUMMARY 

Gam* a rallu*r widoiy distributtMl but economically relatively 
unimportant disease of Rubus spp., has been investigated and a 
description given of its symptoms. The characteristic beading and 
elongate gall ridges on the above-ground canes are in marked contrast 
to crowTi gall wliicli onlhiarilv occurs at or below ground level. The 
causal organism was readily isolated from young galls, its patho¬ 
genicity was proved, and it was studied in detail. The name proposed 
for the pathogen is Phytomonas rubi n. sp. The organism was found 
to be pathogfUiic on black raspberry, purple raspbi^rry, blackberry, 
and r(*d raspl)eriy, but only weakly so on the last-named species upon 
which it ran'ly occurs in the field. 
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EFFECT OF ENVIRONMENTAL FACT 
TRANSPIRATION AND GROWTH OF TOMATO PLANTS ‘ 



By Arthuk C. Foster, «cmor pathologist^ and Everett C. Tatma^n, assistant 

scientific aide, Division of Fruit and Vegetable Crops and Diseases, Bureau of 

Plant Industry, United States Department of Agriculture 

INTRODUCTION 

It is generally held that the transpiration rate of plants is largely 
determined by the environmental factors that surround the plant, but 
(here is still much uncertainty concerning the very large loss of water 
through transpiration. 

Th(' factors that affect the rate of movement of water from the soil 
into the plant, the upward movement within the plant, and the ulti¬ 
mate dissipation as vapor into the surrounding air are all fully dis- 
cusse<l in a voluminous literature that is readily available. The 
('ffe(‘ts of (‘iivironment on transpiration have been studied by Alexan^ 
(Iroff (/),^ Briggs and Shantz (I, 3, 4), Burgerstein (5, 6), Clapp (7), 
(\irtis (S), Dixon (9), Iljin (//), Kiesselbacni (13), Lloyd (13), Max¬ 
imov (14), Miller (16), Snow (18), Sresnevski (19), Udolskaja (30), 
and others. However, there appear to be few data recorded in the 
li((‘raturc concerning the effect on the transpiration rate of the e^xhaus- 
tion of soil nutri(‘nts and the consequent retardation of the growth of 
the plant. Furthermore, it is apparent that considerable misleading 
data have b(‘en used for interpreting the facts relating to this problem. 
Data have appeared which indicate that plants grown in soils low in 
nitrogen, as compared with those grown in soils high in nitrogen, con¬ 
sistently have the higher transpiration ratio (quantity of water tran¬ 
spired per gram of aerial dry matter formed) and also the higher tran¬ 
spiration rate (amount of water lost in absolute units per unit of leaf 
area per unit of time); and these data have been used as a basis for 
illogical interjiretation of the facts. This paper presents the results 
of studies that show wliv the interpretation is incorrect. 

METHODS AND MATERIALS 

('ULTURAL CONDITIONS 

All data to be presentc'd were collected from experiments previously 
reported by the writers (tO), The experiments were conducted in the 
greenhouses at the Arlington Experiment Farm, Arlington, Va., during 
1034. The tomato plants were grown in a good greenhouse compost 
soil consisting of loam from Arlington farm, manure, and muck, with 
which sand was later mixed to improve water penetration and distribu¬ 
tion. The water-retaining capacity of this soil remained uniform at 
G5 percent of its dry weight throughout the study. 

The plants were grown at soil-moisture levels of approximately 38, 
47, and 56 percent of the weight of the soil, representing *‘^9, 72, and 86 
percent of the moisture-holding capacity, respectively. The rate of 


» Rewivod for publication August 6,1940 
* Italic numbers in parent licscs refer to Literature Cited, p 7J9 


Journal of Agricultural Research, 
Washington, D. C. 


Vol 61, No. 10 
Nov. 15,1941 
Key No. G-llSl 


290584 -41 —1 


(697) 




698 


Journal of Agricultural Research 


Vol. 61, No. 10 


water loss for each plant was recorded daily. At the same time efforts 
were made to maintain the above-mentioned soil-moisture levels by 
frequent (4 to 6 times daily) replacement of water lost as indicated by 
weighing the cultures on solution balances of 20- to 40-kg. capacity. 
Tlie soil surface of each culture was covered with a close-fitting disk 
of waterproof paper to reduce evaporation losses. 

The plants were grown in glazed 3-gallou crocks, without drainage, 
holding 12 kg. of soil. The fertilizers were mixed with the soil at the 
rate of 2 tons per acre as it was placed in the crocks. The fertilizer 
formulas used were 12-0 12, 12-6-12, and 6 -12-6, the figures in each 
representing percent of nitrogen, phosphoric acid, and potash, re¬ 
spectively. A series of check cultures received no fertilizer. 

In each of the three temperature units of the greenhouse (66®, 70®, 
and 74® F.) and each of the three moisture levels at each temperature, 
the following cultures were set up: Five crocks of each of two fertilizer 
treatments, six crocks of the third treatment, and three unfertilized 
checks. Thus, at each of the 36 points of observation there were 3 
to 6 replicate cultures, giving a total of 171 plants under moderately 
w^ell controlled environments. 

The plants (Marglobe variety) were pruned to a single stem, tied to 
bamboo stakes arul topped just above the sixth flower cluster. 

GROWTH HABIT AND RESPONSE OF TOMATO PLANTS TO ENVIRONMENT 

The plants used in these experiments WTre similar to those grow n 
under field conditions. They wrere mature and large, with heavy, 
thick foliage, and they bore a good crop of fruit. In the high-temper- 
ature unit (74® F.) the plants w^ere tall and slendtT with relatively 
small stems and long internodi^s; they w ere succuhait and of the spin¬ 
dling type. In the medium-temperature unit (70®) the plants w en*, 
shorter, the stems w'erc heavier, and the leav(‘S were spaced closer 
together. In the lowest temperature unit (60®) the plants w'erc still 
shorter, had dense green foliage, and many sIiowcmI the strongly v('ge- 
tative type of grow^th. 

TEMPERATURE AND HUMIDITY 

It w’^as intended to operate the greenhouse units at 76®, 70®, and 
65® F., respectively, from the beginning of the experiment, September 
10, but liigh outside t(unperature made it impossible to keep the units 
at these temperatures until about the first w^c^ek in October. For the 
duration of the experiment the average w('ekly mean temperatures 
were 74.3®, 70.4®, and 65.7® in units 1, 2, and 3, respectively. From 
October 2 to D(*cember 17, during whicli period better tem])erature 
control could be maintaimHl, the averages of the w’^eekly means were 
74.6®, 69.1®, and 62.9®, respectively. 

The averages of weekly mean relative' humidities of units 1,2, and 3 
for the entire period w^ere 55.3, 60.0, and 63.1 percent, respectively. 
This order of difference unavoidably existed throughout the period 
regardless of the seasonal temperature, since there w as no available' 
means of raising the moisture content of the air introduced from out¬ 
side incidental to ventilation and temperature control. 

ATMOMETER INDEX 

In table 1 the atmometer readings for the different temperature 
units arc given. There appear to be considerably larger differences 
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between the black and white atmometers in the higher temperature 
units than in the lower ones. These differences can be explained if 
the concept of Sresnevski {19) is accepted; he reported that such dif¬ 
ferences must be proportional to the deficit of saturation. 

Table 1. —Corrected daily average aimometer readings on a weekly basis from three 

temperature units, 1934 




Daily average atmometer evaporation from- 

- 


Period ended 

Unit 1 (74® F.)» 

Unit 2 (70® F.) 

Unit 3 (66® F.) 


Black 

White 

Black 

White 

I 

Black j 

White 

Black 

White 


Ml, 

Ml. 

Ml. 

Ml. 

ML 

ML 

ML 

ML 

Sept. 24.. . 

21 2 

14 4 

20 C 

14.5 

19.6 

15 1 

18.8 

14.5 

Ocl. 1 - . - -! 

21.1 { 

14 0 

21.0 

16.1 

19.fi 

15.4 

19.4 

16.0 

Oct. 8 . , 

18.0 i 

12.fi 

18 4 

13.1 

1ft 1 

12.9 

15.9 

12 6 

Oct. 15 .. . _ 1 

25 5 1 

18 3 

26 2 

19 0 

22 9 

18 0 

22.4 

18.0 

Oct. 22-.- . _ 

20 8 

15.5 

22 0 

1 15.9 

18 8 

15 3 

18 2 

14.fi 

Oct. 21». 

19.7 

1.5. fi 

20.4 

15.4 

Ifi 2 

14.0 

14.9 

12.6 

Nov. 5. 

21.0 

15.5 

20 1 

14.fi 

17.5 

14 4 

15.5 

12.7 

Nov 12. - - 

20.5 

Ifi. 3 

21 5 

i 15.7 

15.4 

13.3 

13.1 

11.4 

Nov. 19 . . 1 

1 19.7 

16 0 

20.3 

1 16.1 

Ifi 5 

14 3 

14.4 

12.8 

Nov. 2f. 1 

15 2 

11.9 

1«.3 

12 5 

12 7 

11.3 

11 1 

10.1 

Dec* 3.. 

11-7 1 

9. 2 

12 0 

9.3 

7 8 

7.4 

6.3 

5 9 

Dec. 10 . 

18 8 ! 

14 7 

18 7 

14.3 

14 8 

13 7 

12.3 

11.1 

Dec. 17 - _ 

22 9 

18.8 

22 2 

18.5 ^ 

17 9 

17 0 

14.7 

14.0 

Average _ . 

19 7 

14 8 

19.9 

14 9 

Ifi 5 

14 0 

16.1 j 

12.7 


* Two sets of litnioineters lustrtlled. 


STATISTICAL ANALYSIS OF DATA 

Tlic data were analyzed statistically by the analysis of variance 
method as adapted by Snedecor {16,17), and all significant differences 
were bas(‘d on the generalized error. Differences required for signifi¬ 
cance betw(‘en means of tn^atments and single treatments were calcu¬ 
lated when th(‘ error appeared to be homogeneous. Significant differ¬ 
ence's are indicat(»d by odds of 19:1 at the 5-percent level of t; highly 
significant differences are indicated by odds of 99:1 at the 1-perccnt 
level of t. Also, in tables 2 to 7, inclusive, the third and fourth deci¬ 
mals have beeMi rounded off in the customary way. 

EXPERIMENTAL RESULTS 

To gain a better conception of the responses of the tomato plants 
grown under diffenmt environmental conditions, a large number of 
data were collected bearing upon water requirement, total water 
transpired, final dry weight of aerial parts, fruit yield, and starch 
content of stcmi and leaf parts of the plants from the different cultures, 
all of which are essential for an adequate interpretation of the data on 
daily amounts of water transpired, presented later in this paper. 

EFFECT OF ENVIRONMENT ON WATER REQUIREMENT OF THE TOMATO 

The term ‘'water requirement'^ of plants has been used by many 
investigatoi*s to e.xpress the ratio between w^ater absorbed (or water 
expenditure) and dry matter produced. How^ever, in the data pre¬ 
sented in table 2 this term is used in the same sense in which it was 
employed by Briggs and Shantz {2, 3, 4), to indicate the milliliters of 
water transpired per gram of gain in dry weight of aerial vegetative 
parts of plants in the several environments. It is w’^ell known that 
many factors may influence the water requirement of plants, which 
varies widely with different species. 
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Table 2. — Effect of soil moisture^ soil nutrients^ and temperature on the water 
requirement of tomato plantsj Sept. 18 to Dec. 23y 1934 

[Data based on weighted averages of 3 to 6 plants in each culture] 
EXPERIMENTAL DATA 


Soil moisture i (percent) 

Fertilizer formula (N-P-K) 

Water roqiiiromont * at 


74° F. 

70° F. 

60° F. 

Mean 



Ml. 

> 

Ml. 

Ml. 


12-0-12_ _ 

679 

450 

317 

448 7 


12-0-12 

659 

398 

.302 

419 7 


6-12-0_.. ... - . .. 

672 

491 

446 

,603 0 


Check_ --- - _ - 

668 

632 

m 

011 7 


Mean . 

.694 6 

492 8 

400 0 

49.6 8 


[12-0-12 ___ 

029 

493 

409 

610 3 


12-0-12 ... 

020 

472 

.306 

480.0 


0 12*0 _ 

678 

.636 

4.62 

55.6 9 


(^hcck ... 

721 

048 

551 

640 0 


, Mean 

662 0 

537 0 

444. .6 

.647 8 


[12 0-12 

094 

6.68 

445 

.606 7 


12-0-12 . .. 

086 

1 .647 

438 

6.6fi 7 


0-12-0 ..... .. .. 

721 

018 

480 

008 3 


Check . - 

780 

721 

.690 

099 0 


Mean . . .... 

721 6 

on 0 

489 8 

007 4 


[12-0 12 . . 

(i.34 0 

.6(XI 3 

390 3 

.608 2 


12 0-12 . . . _ 

021 3 

! 472 3 

308 7 

487 4 

Mt'an 

0-12-0 .... . , 

0.67 0 

1 548 0 

401 3 

6,66 i 


Clicck 

72.6 0 

1 007 0 

.6.68 7 

<».60 2 


Mean 

0.69 3 

540 9 j 

414 8 

5.60 

_ _ - _ 

... .. _ 






DIFFEHENDES KKQI’IREI) FOR SI(}NIFI(’AN<M<: 


I Odds 

Item i . . 

i VM , I 


Between single cultures_ 

Between means of 3 cultures 
Between means of 4 cullures 
Between means of 9 cultures 
Between means of 12 cultures 


Ml 

Ml 

.68 8 1 

82 4 

.34 0 

47 f. 

29 1 1 

41 2 

19 0 1 

27 .6 

17 0 1 

23 8 


ANALYSIS OF VAUl\NrE 


Source of variation 


Total __ . . _ 

Between moisture. . . _ _ 

Between terntx^ratiire . . _ 

Between fertilizer.. _ . _ 

Total interactions _ 

Moisture X tomporaturo.-. 

Moisture X fertilizer_ . . . 

Temperattire X fertilizer.. . 

Remainder (error).... 


» Percentage of water-retaining capacity. 

, * Mililiters of water per gram of dry weight of tops. 

'. 3 Significant with odds greater than 99:1. 

Significant wuth odds greater than 19:1 but less than 99*1. 


Degrees of Mean 
freedom sciuare 


I 


36 

2 

2 

3 

28 

4 
9 
9 

12 


14, 024 
3 37, 406 
* 138, 243 
3 47,197 
073 
.610 
39fl 
* 1.081 
304 


The (lata given in table 2 show the highly significant effects of soil 
moisture, temperature, and soil nutrients oii the water requirement of 
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the tomato plants in the respective cultures. The mean value of 
650.2 for the check plants under all conditions was significantly differ¬ 
ent from the 6-12-6 mean of 555.4, the 12-6-12 mean of 487.4, and 
the 12-0-12 mean of 508.2. (See table 2 for differences required for 
significance at odds of 19:1 and 99:1.) A statistical interpretation of 
these data indicates quite definitely that the unfertilized group of 

f dants, consistently and uniformly, had the highest water requirement 
or the entire growth period under all environments studied. Further¬ 
more, these data appear to indicate that the rate of transpiration of 
the unfertilized check plants averaged higher than that of any of the 
fertilized groups of plants during the entire growth period. 

As is shown by the data in table 2, variations in environmental con¬ 
ditions, such as are determined by fertilizer, soil moisture, humidity, 
and air temperature, may cause a wide variation in the expenditure 
of water by plants. Low soil moisture and low air temperature have 
great influence in reducing the water consumption per gram of dry 
material produccid; furthermore, increasing amounts of nitrogen along 
V'ith potash promote greater efficiency in water utilization. Increas¬ 
ing the soil moisture results in more extravagant use of water by the 
I)lants. It is significant that in these studies plants without added 
fertilizer were found to be the most extravagant users of water under 
all cultural conditions. This has long been a misinterpreted phenom- 
(uion. It lias misled invi'stigators into assuming that there was no 
change in the relative rate of transpiration of the check plants when 
soil nutrients were (‘xhausted, or at any stage of their growth. It is 
also important to note that the 12-0-12 fertilizer cultures expended 
slightly larger amounts of water than did the 12-6-12 cultures. This 
fact will be illustrated in more detail in figures 2 to 11, to be presented 
later. 

EFFECT op ENVIUONMENT ON TOTAL WATER TRANSPIRED 

Th(' data given in table 3 show the marked influence of environment 
on the total amount of water transpired by the tomato plants in the 
different cultures during the 96-day period, September 18 to December 
23, 1934. The difference required for significance between means of 
nine plant cultures at odds of 99:1 was 3.06 liters. The total water 
transpired by the check plant cultures with mean of 53.30 liters of 
water was highly significant, and greater than the 6-12-6 mean of 
48.18 liters, the 12-6-12 mean of 39.71 liters, and the 12-0-12 mean 
of 41.44 liters. Further study of the analysis of variance shows a 
highly significant interaction of moisture X temperature and temper¬ 
ature X fertilizer, as measured from the generalized error. The mag¬ 
nitude of differences between individual plant cultures is also apparent. 

EFFECT OF ENVIRONMENT ON DRY WEIGHT 

Table 4 gives data showing the effect of environment on the total 
dry weight of tomato plants grown in the different cultures. Since 
these plants were topped after the appearance of the sixth flower 
cluster and since all axillary growth was removed promptly as it 
appeared, the final dry weights of the plants in the different cultures 
were in fairly close agreement except where indicated by the data in 
table 4. It is important to note that there were no significant differ¬ 
ences in dry weight between the means of the check plants at different 
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teiiiporatures except the 66.46 mean at 59 percent soil moisture, but 
that there were interactions between moisture X fertilizer with odds 
greater than 99:1. 

Table 3. —Effect of soil moisturCy soil nuirientSy and temperattne on the total water 
transpired by tomato plantSy Sept. 18 to Dec, 23y 1934 

[Data based on \\eiphted averages of 3 to 6 plants in each culture] 

EXPERIMENTAL DATA 


Soil moisture (percent) i 

Feriilizer formula (N-P-K) 

Water transpired at 

74® F 

70® F. 

66® F. 

Mean 



Liters 

Liters 

Liters 

Liters 


12-0-12_ _ 

24.1 

23 3 

21.9 

23 07 


12-6-12._ _ 

26 3 

20.8 

19.6 

21.91 


6-12-6_ .... 

31.3 

27 6 

28 8 

29. 

iJiT --- -_ 

Check_ __ 

43 3 

39 6 

38.5 

40. 45 


Mean. . . ..... 

30.99 

27.80 

27 17 

28. 65 


fl2-0-12_ . . . 

43 4 

39 4 

~~ 35 7 ~ 

39 49 


12-6-12 -.. 

41.9 

.38 5 

38 8 

39 74 


6 12-6. 

64 6 

49.2 

46. 5 

50. 03 


Check ..... . .... 

(V) h 

54 8 

49 3 

56. 49 


Mean _ 

51 31 

45 45 

42 55 

46 44 


fl2-(V12 . .... . .. 

71 9 

60 i 

~'~53 1 

; 61 78 


12-6-12 . 

66 3 

54 1 

52 1 

' 57 49 

Wi* 

6-12-t» 

72 3 

61 0 

62 7 

65 :i.3 

- 

(/heck 

71.5 

.58 8 

58 6 

62 97 


Moan 

70 4H 

58 57 

1 56 64 1 

61.89 


fl2-(M2_ 

46 45 

40 99 

36~89 1 

41 44 


12-6-12. 

44 52 

37 81 

36 81 I 

,39 71 

Mpnn 

6-12-(i_ 

52 6»i 

45 90 j 

46.00 j 

48 18 


Check. ...... .j 

60 08 1 

51. (M» 1 

48 78 ! 

53 30 


, Mean . . ...... .j 

50 93 * 

43 94 ' 

42 12 , 

45 66 

— „ . . 

1 

_ _ • 





DIFFERENCES REQl’IRED FOR SIONlFKWNrE 


Item 


Between single cultures .. _. 
Between means of 3 cultures 
Between means of 4 cultures 
Between means of» cultures 
Between means of 12 cultures 


ANALYSIS OF VARIANCE 


Source of variation 


Total.. . 

Between moisture.. . .. 

Between temrierature . 

Between fertilizer_ 

Total Interactions. 

Moisture X temperature. 

Moisture X fertilizer_ 

Temperature X fertilizer .... 
Remainder (error) . 


Odds 


.J'-' 1 

99.1 

Lifers ] 

Liters 

6 55 j 

9 17 

3 77 

5 30 

3.27 ' 

4 ,58 

2.18 

3 06 

1 89 , 

2. 65 



Degrees of 
freedom 

Mean square 


35 

249. 4928 


2 

3 3,319. 9205 


2 

* 2,59. 4527 


.3 

»353. 7813 


28 

18 2914 


! 4 

> 3U. 8991 


6 

>60.90(X) 


6 

4 8218 


12 

4.6103 


t Percentage of water-retaining capacity. 
3 Significant with odds greater than tl9:l. 
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Table 4.— Effect of soil moisture^ soil nutrients^ and temperature on the total dry 
weight of tomato plants, 1934 

EXPERIMENTAL DATA 

[Data based on weighted averages of 3 to 6 plants In each culture] 


Soil moisture (iiercent) < 


Mean 



Dry weight of plants at 


Fertilizer formula (N-P-K) 










74*^ F. 

70° F. 

60° F- 

Mean 


Gm. 

Gm. 

Gm. 

Gm. 

12-0-12... 

41.6 

51.7 

68.0 

64.05 

12-0-12.-. ... . . 

45.4 

52.3 

64.9 

54.10 

0-12-0...__ 

54.6 

56.1 

64.0 

58.42 

Check -- 

64.8 

62 7 

71.9 

66.46 

. Mean . . 

61 60 

56 69 

67.56 

58.28 

(12-0-12__ 

nSTo 

79 8 

87.3 

78.74 

12-0-12.. 

67.7 

81.7 

105.8 

85.04 

0-12-6 .. _ 

80.3 

91.9 

102.8 

91.69 

Check... 

90 8 

84.8 

89.4 

88.35 

Mean. . . . .. 

76.97 

84 55 

06.34 

85.95 

(12-0-12.. .. . . . 

~ TqzW 

^108~ 2~ 

YlO 4 

no. 41 

12-0-12.. ... . 

90.7 

98 9 

118.8 

104 82 

6-12-0. .. _ 

100.2 1 

98.7 

129.2 1 

109.35 

Check ... _ . . ... 

1 90.9 

81 5 

99.4 

90.63 

Mean ... .... 

1 97 87 

96 84 

116.71 

103.80 

(12-0-12_ .. .. . 

! 71.42 

79 90 

1 oirsT 

81.07 

, 12-6-12... ... 

69.92 

77 63 

, 96.50 

81.35 

(►-12-6 . . 

, 78 39 

82 22 

1 98.85 

86.49 

(3heck. 

82 19 

76.34 

1 86 91 

81 81 

I , ^^can. . 

00 

j 79 02 

' 93 54 

82.68 

HExNCKS required FOR 

SIGNIFKAXt'E 




Item 


Between single cultures 
Between means of 3 cultures . 
Between means of 4 cultures , 
Between means of 9 cultures . 
Botvvoou means of 12 cultures. 


{ Odds 


i 19.1 

99 1 

' Gm. 

Gm. 

1 

21.4 

, 8.82 

12.37 

7 64 

10. 76 

5.10 

7.14 

4.41 

6.19 


ANALYSIS OF VAUIANCE 


SouriH* of variation 


Total. . __ . _ ... 

Between moisture. 

Between teroiwrature. 

Between fertilizer. 

Total In teractions... .. 

Moisture X ternwrature. _ _ 

Moisture X fertilizer__ 

Temperature X fertilizer-. . ... 

Remainder (error).. . 

»I'ercentage of w^ater-retaiiung capacity. 

* Significant with odds greater than 99:1. 


l>egrees of ! 
freedom 

Mean square 

35 

485.6897 

2 

* 6,313.1643 

2 

>1,098 2169 

3 j 

58 8553 

28 

71.4219 


29.1270 


> 191.6844 

6 ' 

73 0185 

_ 

j 24.5000 


EFFECT OF ENVIRONMENT ON FRUIT YIELD 

Yield of fruit was affected somewhat markedly by the diflferent en¬ 
vironments, as is indicated by the data given in table 5. The fruit 
yield from the check plants was significantly smaller than that from 
any of the fertilized group of plants, except at 59 percent soil moisture, 
at odds greater than 99 : 1. The analysis of variance indicates the 
higlily significant effect of soil moisture, temperature, and fertilizer on 
the yield of fruit from the plants in the different cultures; also, the 
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interaction of soil moisture X fertilizer was highly significant. Opti¬ 
mum conditions for fruit yield appeared to be 70® F. and 86 percent 
soil moisture. The magnitude of difference in yield of fruit due to 
treatment is large enough to be apparent even between individual 
treatments. These data arc given to indicate the amounts of water 
required by developing fruit. 

Table 5.—Effect of »otl moisture^ soil nutrients, and temperature on the average yield 
of green fruit per tomato plant, 1US4 

EXPERIMENTAL DATA 


Weight of fruit per plant at - 


Soil moisture (iH*recnl) > 


59., 


72--. 


86 , 


Mean. .. 


Foitilirer formula (N-P-K) 


ri 2 - 0-12 

12 - 6-12 _ 

6-12 -6 . - 
Check . . . 

Mean 

r 12 - 0-12 . 
12 - 6-12 ... 
16 - 12-0 
Cheek -- 

Mean 

^ 12 - 0-12 

12 -( V 12 

(>- 12-6 

(lieck 

Mean. 

12 - 0-12 . . 

12 -(^- 12 .. 

6 - 12-6 . 

Check .. 

Moan 


74“ F. 

70=' F. 

_ 

Om. 

658 

603 

1,072 

1.092 

|iiii 

856. 2 

954 2 

17511 ~ 

1. 621 

L.'VOO 

L.W 

1,935 

2, ()2() 

1,378 

1,360 

1,581.0 

l,MH 5 

2, 238 

2,238 1 

2, 2t>9 

2,293 1 

2,382 

2.284 1 

1,520 

1,528 ! 

2,102. 2 

2.085 7 1 


1,469 

0 

1.5()l 

6 

1,457 

3 

l..%8 

3 

1,796 

3 

1,799 

3 

1..330 


1, 322 

0 

1,513 1 1 

i 

1,562 

8 


F. 

Mean 

Gm 

.53.3 

.576 

1,087 

1 , 02:1 

Gm 
i\Tl 3 
668 0 
1,082 3 
1,064 3 

804 7 

871 7 

l,:i24 

1,380 

1,677 

1,2.50 i 

1,485 3 
1,489 ^ 
1,879 3 
1,329.3 

1,407.5 I 

1,545 7 

1,820 

1,947 

2, 220 
1,393 

' 2, (H)8 6 

2,169 6 
2.295 3 
1,480 3 

1,S45 0 

2.011 0 

1. 225, 6 
1,301 0 
1,('>61 3 

1, 222 0 

1,418 7 
1,442 2 
1,752 3 
1,291 3 

i,:ir>2 5 ' 

1,476 1 


DIFFERENCES HEOUIRED FOR SKlNlFICANf'F 


lleiu 


Between single cultures . . y, 

Between means of 3 cultures.^ 
Between means of 4 cultures. . 

Between means of 9 cultures- 

Between means of 12 cultures_ 


1 Odds 

L. ^ _ . 


19.1 

' 99 1 

Gm. 

Gm 

194.7 

273 0 

112.:i9 

157.64 

97 37 

136 52 

VA 92 

91 01 

,56.22 

78.82 


ANALYSIS OF VARIANCE 


Source of variation 


{ I )f‘grees of 
! freedom 


Mean square 


Total..... 

Between moisture... 
Between temperature 

Between fertilizer_ 

Total interactions. 

Moisture X temperature.. . 
Moisture X fertilizer. ... 
Temperature X fertilizer .. 
Remainder (error).. 


35 

2 

2 

3 

28 

4 
6 
6 

12 


209.563 
> 3,937,249 

* 145,042 

* 344, 631 

45,937 
11,329 
1189, lot 
0,641 
3,994 


J Percentage of water-retaining capacity. 
’ Significant with odds greater than 99:1. 
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U'aule (). - Ejffci of noil moisture, soil nulrieuts, and letnpcrature on the starch 
content of tomato plant stems, 1934 


KXPEKIMKNTAL DATA 




Starch content of sterns (on dry-weight 




basis) at— 


Soil moKture (iKjrcenl) ‘ 

Fertilizer formula (N-P-K) 





74® F. 

o 

o 

60® F. 

Mean 



Percent 

Percent 

Percent 

Percent 


12-0-12_ _ ... 

1.54 

2.90 

8.49 

4.31 


12-0^12 

1.68 

1 95 

5.61 

3.08 

.'59 . 

fL12-6. . . .... .. 

1.59 

2.42 

5.56 

3.19 

Check . ... .. 

1.27 

11.55 

22.87 

11.90 


Mean ... . _ 

1. 62 

4.71 

10.63 

6.62 







fI2-0 12 _ _ 

.61 

1. 67 

1 3.11 

1.80 


12-6-12 .... 

1 22 

.92 

2.39 

1.51 

72 

6-12-6 .. . _ 

1 58 

1 65 

3.64 

2.29 

(3heck. . . . 

9.41 

12 72 

24 14 

15 42 


, Mean. 

1 3 21 

4.24 

8.32 1 

6 26 


fl2<)-12 .... 

.46 

..58 

1.09 

.71 


12-f5-l2 . 

1 33 

2 19 

2 33 

1 95 

86 

(hi 2-6 

1.90 

] 82 

6 31 

3 34 

(’heck ... 

3 87 

6 14 

19 54 

9.85 

1 

1 

1 

Mean. . 

i 1 89 

2 68 

7. 32 

3.96 


12-0-12 . . . 

i 87" 

1 72 

4.23 

2 27 


12-(hi 2 . . 

1 1 41 

1 1 69 

3 44 

2.18 

Mean . ... 

(hi2 6 

1 69 

1 1 96 

5 17 

2.04 

Check.. 

j 4 85 

j 10 14 

22.18 

12 39 

i 

Mean . . . ..... 

j 2 21 

3 88 i 

1 

8 76 

4. or* 


1)IKKEHEN('K^ HK^riKEl) FOR SKINIFICANCK 


Item 


Between means of 9 cultures 
Between means of 12 cultures 


Odds 


1 19'I 99;1 


Percent j Percent 
1 HG J 91 

1 18 i 1 66 


ANALYSIS OF VARIANCE 


Source of \ ariallon 


Decrees of 
freetlom 


Mean square 


Total . . 

Between moisture 
Between temiterature . 
Between fertilizer .. 

Total interactions .. 
First-degree interactions. . 
Remainder (error) .. 


as 

2 

2 

a 

28 

IG 

12 


37 29 
>9 00 
s 139.08 
» 222.70 
12 17 
19.97 
1.76 


« Percentages of water-retaining capacity. 

* Significant with edds greater than 19 1 hut les.s than 99 1. 

* Significant with odds greater than 99.1 


EFFECT OF ENVIRONMENT ON STARCH CONTENT OF STEM AND LEAVES 

Largo accumulation or storage of starcli in tlu^ stem and leaf parts 
of tomato plants is usually an indication of nitrogen deficiency, of 
retarded metabolism and plant growth, and of the onset of a dehy¬ 
dration process within the plant (10), Table 6 gives data showing 
the effect of environment on the starch content of tomato plant stems. 
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It will 1)0 observed that significant differences between means of 
fertilizer trc'atjiients, of moistm*e treatments, and of temperatures are 
indicated by the high variances due to those single factors as compared 
with the variances due to second-degree interaction. Since this inter¬ 
action (fertilizer X moisture X temperature) is heterogeneous, it is 
not an adequate basis for determining the magnitude of differences 
required for significance except for means of primary effects. Even 
in these instances, the limitations of the estimated magnitudes must 
be kept in mind and unjustified conclusions avoided. Thi^ same 
limitations apply with respect to the data presented in table 7, giving 
the starch content of the top leaves of the plant. 


Table 7.* Effect of soil moisture^ soil nutrientSf and temperature on the starch 
content of top leaves of tomato plants^ 1984 


Soil moLsIurp (percent) > 


86 .. 


Mean 


1 


weight bas'i.s; at - 



Fertilizer formula (N-P-K) j 


---- 

-- 

— 



j 74“ F. 

70“ F. 

1 00“ F. 

Mean 


! Percent 

Percent 

1 J*erctnt 

Percent 

[12-0-12 . 

3.68 

1 17 

1 3 74 


SO 

12-6-12 

4 12 i 

1 H 

i 4 72 


33 

1 0-12 6 

! 10 1 

1 42 

1 3 29 


29 

1 Check 1 

3 12 1 

1 7 98 

I 9 22 

1 

77 

[ M can _ . 1 

4 02 

2 93 

! .5 21 

! 4 

m 

12-0-12 ! 

! ;179‘ 

J .33 

' 4 84 

i 3 

32 

12-0 12 . 

; 3 62 

I 1 97 

1 4 8.5 

1 3 

4.5 

0-12 0 . 

' H.1 

1 2 13 

, 7 SO 

' 5 


Check . . 

13 71 

j 11 09 

17 1.5 

j . - . - 

1 11 

18 

Mean 

; 6 71 

! 4 2S 

: 8 fio 

' 0 

r>r 

fI2-0-12 . - - 1 

j 3 02 

' 3 .57 

1 4 70 

1 3 

70 

12-6 12 - . i 

1 2 99 

1 2 

.5 10 

3 

.50 

16-12-6. . . 

H 39 

1 0 02 

9 .57 


w 

1 Check . . 

13 45 

10 .50 

1 1.5 53 


18 

[ Mean. 

' 0 IMi 

_ „ 

j 5 07 

j 8 74 


12 

ri 2 - 0-12 . 

i 3 .50 

1 2 02 

i 4 43 

I 3 

32 

12-6-12 . 

1 3 54 

j 1 K8 

' 4 91 

' .3 

44 

16-12-6 _ 

' 0 40 

3 19 

; 0 89 

1 .5 

.51 

Check . ... 

j 10 09 

i 10 08 

1 13 97 

n 

38 

[ Mean _ . _ 

! 5 90 

j 4.29 

i 7 .55 

,5 

91 


DIFFEKENCKS KEgT'IKKD FOK SIONIFK’ANCK 


1 tern 


Between means of 9 cultures . . 
Between means of 12 cultures. . 




I 

i Percent Percent 
j 1 4li I 2 0/> 

1.26 1 1 78 


ANALYSIS OF VARIANCE 


Source of \ ariation 


DeiKrees of 
froocloin 


Mean square 


Total- ... .. . 

Between molxture . . 
Between temperature .... 

Between fertilizer.. 

Total interactions_ _ 

First-degree interactions_ 

Remainder (error).. 


37 ) 

2 

2 

3 

28 

16 

12 


17 8.3 
*31.77 
*31 79 
» 128.6.3 
3 96 
6,41 
2.03 


» Percentage of water-retaining capacity. 


* Significant with odds greater than 99.1. 
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To bo observed in table 7 arc the highly significant effects of soil 
moisture, fertilizer, and temperature, as indicated by the analysis of 
variance of the data. Furthermore, the mean of 11.38 percent of 
starch for the check culture was significantly higher than the mean of 
5.51 percent for the 6-12-6 culture, the mean of 3.44 percent for the 
12-6-12 culture, and the mean of 3.32 percent for the 12-0-12 cul¬ 
ture, with odds greater than 99:1. The difference required for 
significance between means of nine plant cultures with odds greater 
than 99:1 was 2.05 percent of starch. 

EFFECT OP CERTAIN SOIL NUTRIENTS ON THE TRANSPIRATION OP TOMATO PLANTS 

The data given in table 8 show a rather marked association between 
exhaustion of soil nutrients and retardation of transpiration in the 
unfertilized plants. Apparently tliis was caused by changes in the 
metabolic processes within the plant associated with a rather gradual 
dehydration of the plant tissue, which is indicated by a large accumula¬ 
tion of starch {10), These data were collected from tomato-plant 
cultures grown in nine different environments, with 36 points of obser¬ 
vation, as has been described. They are based on average absolute 
amounts of water transpired daily during 2- to 4-day periods by three 
unfertilized check plants and three plants receiving each specified 
fertilizer treatment during the last 64 days of growth, vSeptember 18 
to November 21, 1934. In table 8 the absolute amounts of water 
transpired by the respective cultures— check, 12-0-12, 12-0-12, and 
6-12 -6 ani giv(»n in the first four columns. The total water tran- 
sjiired by each group of cultures is given at the bottom of the respective 
tables. The ratios of the transpiration of the several fertilized cul¬ 
tures to that of the unfertilized check culture for the same period are 
giv(‘n ill the last three columns of table 8. Since a simple ratio of the 
absolute units of water transpired by the fertilized plants to the 
absolute units of water transpired by the unfertilized check plants 
over similar p<uio(ls of time is being dealt with, the relative changes 
in these ratios from day to day indicate the rate of transpiration of 
the plants in the <lifferent cultures. 

Table S. — Comparison of the daily transpiration of unfertilized and fertilized 
tomato plants grown in nine different soil environments^ 1934 

[Data hase<| on t«»tal tran«;piratioii of 3 plants in each culture at 2- to 4-(lay iwriods of the last ft.'i days of 

growth] 

UNIT I, AT 74° F ; 59 PERCENT SOIL MOISTURE 



1 Water transpired from 

- 

j Tran>piration ratio of— * 

Period ended — 

I’^n- 

Plants recinvmg fertilizer - - 

1 - ' . -■ 

; Plants rectuving fertilizer- 









ik-’i 








check 

12-0-12 

12-6-12 

6-12-6 

12-0-12 

12-6-12 

1 .. . ... 

6-12-6 


ML 

ML 

ML 

ML i 




Sept. 21. 

2,930 

1,800 

2,080 

2,200 

0.614 

0.710 

0.75 

Sept. 2.6.... . . .. 

1,600 

930 

820 1 

950 1 

.581 

.513 

.59 

Sept. 27,. 

1,760 

820 

060 ! 

950 

.466 1 

545 

.54 

Sept. 29.. 

1,740 

1,090 

1,130 

1,600 i 

.626 

.649 

.62 

Oct. 2. 

3,160 

1,500 

1,600 

1,950 

.475 

.506 

.61 

Oct. 6. 

3,665 

2,050 

1,925 

2.375 

.559 

.525 

.64 

Oct. 8. .... 

3,730 

1,625 

1,735 

2,325 

.436 

.465 

.62 

Oct. 12. 

6,600 

3,140 

3,070 

4,150 

.476 

.465 

.62 

Oct. 15. ... 

8,350 

4,020 

3.940 

5,260 

.481 

.472 

.63 

Oct. 17. 

4,845 

2,275 

2.215 

2,960 

.470 

.457 

.61 


> Water transpired by unfertilised check is taken as unity. 
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Table 8.— Ccmiparison of the daily transpiration of unfertilized and fertilized 
tomato plants grown in nine different soil environments^ 193/t — Continued 

UNIT 1, AT 74° F.; 59 PERCENT SOIL MOISTURE—Continued 


Water transpired from — 

Transpiration ratio of— 

l*erio(l ended 

Un- 

Plants receiving fertilizer— 

Plants receiving fertilizer— 


fertilized 








check 

12-0-12 

12-6-12 

6-12-6 

12-0-12 

12-6-12 

6-12-6 


Ml. 

ML 

ML 

M> 




Oct. 20 _ _ 

6,800 

3,22.6 

3,160 

4,350 

0 474 

0 463 

0.640 

Oel. 22 .. - - 

4,0.60 

2,326 

2.325 

3,225 

.6(X) 

.600 

.694 

Ocf. 24_ - 

5.0.60 

3,000 

2,860 

4,000 

.604 

.479 

.672 

Oct. 2t> ... - - 

3,450 

1,77.6 

1,776 

2,475 

. .614 

.514 

.717 

Oct. 2t) __ 

.6.8(X) 

3.07.6 

3,025 

4,226 

.6:10 

. 622 

.728 

Oct .31 

4,600 

2,725 

2,676 

3,475 

.6tH) 

.594 

.772 

Nov. 2_ _ - -- 

6,226 

4,000 

4,(K)0 

5,100 

.643 

.643 

.819 

Nov 4 _ _ . . 

4,850 

3,176 

3,11X) 

3,825 

.655 

.639 

.789 

Nov. 0-.- _ 

3,600 

2,400 

2,250 

2,900 

.686 

.643 

.829 

Nov. 8. - - - 

5,2.60 

3,700 

3, .3,60 

4,350 

.706 

.638 

829 

Nov. 10 . . _ 

.6,000 

3,500 

3,250 

3,900 

.700 

.650 

.780 

Nov. 12 _ . -. - 

4,050 

2,9,60 

2,750 

3, .660 

.728 

.679 

.877 

Nov. 14.. . . 

5,600 

4,000 

3.6.60 

4,700 

.714 

.652 

.839 

Nov 10. . 

3,900 

3,200 ! 

2,5.60 

3. .300 

821 

.664 

.846 

Nov 19 . 

8, 2.60 

6,260 1 

.6, .600 

7,0(K) 

.758 

.667 

.848 

Nov 21 - 

5,800 

4,160 j 

3,6)00 

4,950 

.716 

.021 

8.53 

Totiil .. 

121,955 

72,700 

69,275 

90,065 


. 

. 

UNIT 1, 

, AT 74° F.; 72 PERCENT SOIL MOISTURE 



Sept. 21. ... - 

1 

' 3,100 

1 2,120 

1 

2,120 

2,080 

0 684 

0 684 

0 071 

Sept.25-. 

2.9.60 

! 1,2.60 

i 1,0.10 

I, 730 

.424 

. .349 

.586 

Sept. 27. , . . 

1 3,300 

• 1,290 

1 I.OIH) 

1,670 

.391 

. ,3;i() 

..506 

Sept 29 . 

2,800 

1,4.60 

l.fKK) ; 

1,440 

.518 

.3f)7 

.514 

Oet. 2 .. 

.6, .6.60 

2, .300 

1 1,990 

2.8.60 

.414 1 

3.59 1 

..514 

Oct. 5. 

0,625 

I 2,650 

1 2,075 1 

3,625 

.4(X) 1 

.3i;i 

.547 

Oct. 8. 

7,4(K) 

; 2,4.60 

! 2,090 i 

3,985 j 

.3,31 

.282 

.,539 

Oct. 12. 

12, .6.60 

1 4,900 

4,0f)0 

7,350 

.;i90 

334 

..586 

Oct. 16.. .. . 

16,22.6 

! 6,660 

1 5,650 

10.3<X) ! 

.410 

34H 

. 635 

Oct 17... 

1 8,27.6 

, 3,975 

3,400 

.6,9.60 

.480 

.411 

1 ,818 

Oct. 20_ __ 

! 11,400 

.6,750 

4,900 

8,825 

.,604 

.430 

774 

Oct. 22 . 

1 7,900 

4.350 

3, ,625 

6, .62,6 

6.61 

.446 

.826 

Oct 24 _ ___ 

I 10,4(X) 

5,750 

4,600 

8,3.60 

.6,63 

.442 

803 

Oct, 20 __ 

1 5.42,6 

3,37.6 

2,9.60 

5,2(X) 

.622 

.544 

9.59 

Oct. 29_ _ _ _ 

1 9,525 

6,000 

.6,12,6 

8, .67.6 

. 630 

..538 

IXX) 

Ocf .11 . . 

7.225 

5,000 

4,400 

0,825 

.692 

.(X)9 

945 

Nov. 2 _ _ 

9.62.6 

7,8.60 1 

7, .350 

9,850 i 

.810 

.764 

1 02:1 

Nov, 4 _ _ . 

7,425 

6, .300 I 

6,075 

7,625 i 

I .848 

818 

1 027 

Nov. fi.. 

.6, UK) 

[ 4,500 1 

4,4.60 1 

.6,400 ! 

i .882 

.873 

1 059 

Nov. 8- ... 

7,1,60 

1 6,7(K) 1 

0,7.60 1 

7,900 

: .937 

944 

1 105 

Nov. 10. ... . _ - 

7,100 

6,100 

6,3(K> 

7,100 

859 

.887 

1.000 

Nov. 12.. . - 

.6,2.60 

4,8,60 1 

4,7.60 1 

.6,4.60 

! .924 

OO.") 

I ();i8 

Nov. 14 ... 

7,10(’, 

6,700 1 

1 6.8.60 i 

1 7,6.60 

i .944 

.96.5 

1 077 

Nov. 10 - - . - _ 

.6,1,60 

i 4, ,6.60 ] 

1 4,800 ' 

' 5. LHX) 

883 

932 

1 010 

Nov. 19-._ 

1 9,9.60 , 

10,2.60 1 

10, ,6.50 ! 

! 11,0.60 1 

i 1 Ok) 

1 060 

I 111 

Nov. 21 . 

' 6,500 j 

7,4.60 1 

! 7.800 1 

1 7.9(X) 1 

1.146 

1 200 

1 1 215 

Total -- ... .. j 

191,000 i 

1 

124,510 1 

11.6,6)80 j 

100,405 j 




UNIT 1, 

AT 74° F ; 86 PERCENT SOIL MOISTURE 



.Sept. 21 _ - -- 

4,100 

2,730 

2,840 

3,110 

0 666 

0 693 

0.759 

Sept. 2.6 --- - _ 

3,830 

1,920 

2,090 

2,480 

.501 

.,546 

.648 

Sept. 27- . 

4,290 

2,060 

2,220 

2,8.30 

.480 

.617 

.660 

S<‘pt 29 . - - 

3,590 

1,420 

1,780 

2,3.60 

..306 

.496 

. 655 

Oct. 2. .-.. . . 

0,970 

3,120 

3,790 

4,750 

448 

.544 

.681 

Oct. 6 .. 

7,760 

3,800 

4,526 

5,6.60 

.490 

.684 

.729 

Oct. 8 .. ---- 

7,925 

4,400 

4,925 

6,1,60 

. 6.65 

.621 

.776 

Oct. 12 _ - - . 

13,400 

7,800 

8,800 

11,000 

.682 

.667 

.821 

Oct. 1.6 _ - - --- 

1.5,976 

10,9.50 

12,125 

14,350 

.685 

.7.59 

.898 

Oct, 17 .. 

7,79.6 

6,400 

6,780 

7,660 

.821 

.870 

.983 

Oct, 20.- - - .. 

11,550 

10,000 

10,450 

11,275 

.866 

.905 

.976 

Oct. 22_ _ -- - . 

7,950 

7,375 

7,775 

8,325 

.928 

.978 

1.047 

Oct. 24__ 

11,400 

10,660 

10,700 

11,500 

.925 

.939 

1.009 

Oct. 26_ . . .. 

5,776 

5,660 

5,750 

6,225 

.978 

.996 

1.078 

Oct. 29 .-. 

10,975 

10,350 

10,400 

11,300 

.943 

.948 

1.030 

Oet. 31 .. - _ 

8,426 

8,600 

8,350 

9,100 

1.009 

.901 

1.080 
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Table 8. —Comparison of the daily transpiration of unfertilized and fertilized 
tomato plants grown in nine different soil environments, 1934 —Continued 

UNIT 1, AT 74® F.;8fl PERCENT SOIL MOISTURE-Contlnued 


Period ondod 

Water transpired from- 

- 

Transpiration ratio of— 

Un¬ 

fertilized 

check 

Plants receiving fertilizer— 

Plants receiving fertilizer— 

12 -0-12 

12 -6-12 

G-12-6 

12 -0-12 

12 -6-12 

6 -12-6 

Nov. 2 . 

Nov. 4 - 

Nov. 6_ . . .. 

Nov. 8--. . - 
Nov. 10 , . 

Nov 12 

Nov. 14. 

Nov. 16-. . 

Nov 19_ . 

Nov. 21-- - . 

Totftl . 

Ml 
11,300 
8,425 
5.600 
8.850 
7,800 
6,250 
8,1.50 
. 5,150 

1 9.6.50 

1 6.800 

Ml 
12,475 
9,950 
7,350 
10.750 
9,800 
7,850 

10.500 
8,100 

16,1.50 

11.500 

ML 
12,075 
9,7(K) 
6,850 
0,750 
8,650 
7,100 
9,150 
6,450 
13,750 
9,800 

ML 
13,250 
10,325 
7,100 
9,9.50 
8,800 
7,550 
10,000 
6,900 
13,850 
9,750 

1.104 

1 181 
1.312 
1.215 
1.2.5(i 

1 256 

1 288 

1 573 

1 674 
1.691 

1.069 

1 151 

1 1 223 

1 102 
1.109 

1.136 

1 123 

1 252 
1.425 

1 441 

1.173 

1 226 
1.268 

1 124 

1 128 

1 208 
1.229 
1.340 
1.435 
1 434 

209,075 j 201,450 

196,575 

21.5, .5,30 


i 

1 


UNIT 2. AT 70® F.; .59 rEIU'KNT SOIL MOISTURE 


Sepl 21 

3,200 

1.700 

1,900 

2,100 

0 5:11 

0.594 

0 656 

Sept. 25 

1,910 

.510 

620 

780 

267 

.325 

.408 

Sei)t. 27 

2,340 

1,090 

1,170 

1,260 

. 46»'» 

..500 

.5:18 

SoT»t 29 . . 

1,6:10 

750 

8.30 

9,50 

. 460 

..509 

. 583 

Oct. 2. . - 

4,040 

1,540 

1,6:10 

1,950 

.:i8i 

.403 

.483 

Oet 5 . 

4,315 

1,475 

1,545 

1,940 

342 

.358 

450 

Oct 8 . . - - 

3. 780 

i.:i7o 

1,450 

1,760 

.362 

.384 

.466 

Oct. 12 - . 

7, 590 

2,325 

2, .380 

3,265 

.306 

.314 

.430 

Oct. 15 ... . 

8,:«X) 

2,950 

2,820 

3,825 

. 355 

.340 

.461 

Oct. 19 . . 

7,700 

2,8(K) 

2.850 

:i,800 

.364 

.370 

.494 

Oct 21. 

5.075 

1,875 

1,950 

2, 550 

. 3tH» 

.384 

.502 

Oct. 23 

4,525 

l,f»,50 

1,925 

2,400 

. 365 

.425 

.530 

Oct 25 . 

5. 250 

1.975 

2. 250 

2,900 

.376 

.429 

.552 

Oct 29 . 

6.375 

2.625 

2,875 i 

3.775 

.412 

. 451 

.592 

Nov 1 .. 

0.37.5 

1 3,200 

! 3,425 

4,2<K) 

! 502 

.537 

.659 

Nov. 3.., 

4,950 

2.900 

1 2,9.50 

3. (>.50 ; 

1 .586 

.596 

.737 

Nov 5 .. 

1 4,300 

! 2,675 

! 2,62.5 

3,275 

I .6221 

.610 

.762 

.Nov 7 . . . 

4,650 : 3,0.50 

! 2.900 

i 3,700 

! .6.56 

.624 

.796 

Nov 9 .. . 

4.150 

2. .500 

1 2.3.50 

1 3.0(X) 1 

1 .602 

.566 

.723 

Nov. 12 . . . 

6.050 1 3.675 

! 3,475 

4.075 

' . t)07 ! 

,574 

,773 

Nov 14 ... 

4. 100 

2. 5.50 

2,350 

3.250 i 

! .622 1 

.573 

.793 

Nov 16_ 

3,050 

2.150 

1 1.900 

2,4.50 

1 .705 

.623 

.803 

Nov. 19. 

7,400 

5,600 

i 4.600 

6,400 

. 757 i 

1 .622 

. 865 

Nov. 22 _... 

,5. :i(K» 

3,800 

i 3.300 

, 4.4.50 

, .7171 

1 .623 

840 

Total -. 

116,355 

66,735 

66,070 

1 72,305 i 

. i_ 

1 



UNIT 2, AT 70® F , 72 PERCENT SOIL MOI.STTTRE 


Sept. 2L_. 

2.790 

2.070 

1,840 

2,170 

0 742 

0.659 

0 778 

Sept. 25 . . 

2,510 

1,240 

1,180 

1,740 

.494 

.470 

.693 

Sept. 27. 

3,040 

1,450 

1,180 

1,890 

.477 

388 

.622 

Sept. 29..... ... 

2.190 

1.040 

830 

1,200 

.475 

.397 

.548 

Oct. 2_ . , . 

4,860 

2,370 

1,780 

2,910 

.488 

.366 

.599 

Oet. 5_ . 

5,450 

2,430 

2.105 

3,460 

.456 

.386 

.63r 

Oct 8 .. 

5,60t) 

2.180 

1,910 

3,160 

.389 

.341 

.m 

Oct. 12 .. _ 

11,225 

4,825 

4,475 

6,975 

.4:w 

.399 

.621 

Oct. 15 

12,725 

5. 750 

5,175 

8.300 

.4.52 

.407 

.f>52 

Oct 19 . . 

11,300 

5.700 

6, 250 

8,4(K> 

.504 

.465 

.743 

Oct. 21 .. 

7,575 

4,300 

4. aw 

5,700 

.568 

.535 

. 752 

Oct. 23 . . 

6.625 

4,125 

3,975 

5,500 

.623 

.600 

.830 

Oet. 25. 

7,825 

5,025 

4.650 

6,625 

.642 

.581 

.847 

Oct. 29 .. 

0,025 

6,560 

6,875 

8,050 

.726 

,a51 

.892 

Nov. 1. 

9,675 

7.575 : 

6,725 

9,250 

.783 

.695 

i 956 

Nov. 3. 

7,700 

6,300 

6,0.W 

8, aw 

.81S 

.786 

1.045 

Nov. 5. 

0, 725 

5,800 

5.725 

7,125 

.862 

.851 

1. a59 

Nov. 7. , _ , 

6,950 

6,550 

6,450 

7,700 

.942 

i .928 

1.108 

Nov. 9... . 

5.350 

6,700 

5, aw 

6,300 

i.otis 

i.aw 

1 178 

Nov. 12. . _ 

7,550 

7,875 

7, 750 

8,200 

1.043 

1 026 

1.086 

Nov. 14 . , . __ 

4,8(X) 

6,350 

5,250 

5,450 

1 115 

1.094 

1.135 

Nov. 16. 

4,060 

4. aw 

4,125 

4,425 

1.000 

1.019 

].m 

Nov. 19. 

8,850 

10,400 

10,660 

11,150 

1 175 

1.203 

1.260 

Nov. 22. 

6,825 

7,200 

7,400 

7,225 

1. a55 

1.084 

1.069 

Total.... 

161, 215 

116,866 

109,950 

140,966 
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Table 8. —Comparison of the daily transpiration of unfertilized and fertilized 
tomato plants grown in nine different soil environments^ 1934 —Continued 

UNIT 2, AT 70° F.; 86 PERCENT SOIL MOISTURE 



Water transpired from 

- 

Transpiration ratio of— 

Period ended 

Un- 

Plants receiving fertilizer— 

Plants receiving fertilizer— 


fertilized 

— 

— 




— 


check 

12 -0-12 

12 -0-12 

6 -12-6 

12 -0-12 

12 -6-12 

6 -12-6 


ML 

Aft. 

Aft. 

Aft. 




Sopt.21.-.- . 

4.030 

2,260 

2,620 

3,330 

0. .561 

0 6.50 

0.826 

Sept. 2.5.. . 

3,760 

1,810 

2,070 

2,690 

.481 

.551 

.715 

Sept. 27... . 

4.260 

2,180 

2,3.50 

3,090 

..512 

.5.52 

.725 

Sept. 29... ... 

2.860 

1,300 

1,450 

2,1.50 

. 4.55 

.507 

. 752 

Oct, 2___ 

6 , 550 

3,2tU) 

3,370 

4,940 

.498 

.515 

.7.54 

Oct. 5.____ 

7, 175 

3,650 

3,800 

.5,925 

.509 

.530 

.826 

Oct. 8. 

6,200 

3,5.50 

3,400 

5,3.50 

. .573 

..548 

863 

Oct. 12_ 

1,3,250 

7.975 

7,675 

11,425 

602 

..579 

.862 

Oct. lf» - __ - 

13,125 

9,500 

9,000 

12 , 600 

724 

. 686 

IKK) 

Oct. 19___ _ 

11,500 

9, .500 

9,0.50 

11,5.50 

. 826 

.787 

1.004 

Oct. 21_ . 

7,025 

6,875 

6,4.50 

7,8.50 

.979 

918 

1 117 

Oct. 23_ 

6.825 

6,475 

5,900 

7,125 

.949 

864 

1.044 

Oct. 25 ___ . ... 

7,875 

7,825 

7.0(K) 

8,425 

.994 

.889 

1 070 

Oct. 29. . . _ 

9,800 

9.675 

8 ,775 

10,475 

9S7 

. 895 

1 069 

Nov. 1_... . . -. 

9,5.50 

11,025 

9.925 

11,275 

1 1.54 

1 039 

1 181 

Nov. 3_ _ 

7,900 

9,350 

8.5.50 

9,6.50 

1 184 

1 082 

1 222 

Nov. 5__ 

6,400 

8 ,475 

7.675 

8 . 225 

1 324 

1 199 

1 285 

Nov. 7.- ..- 

7,000 

9.100 

8 . 500 

9. 0.50 

1 3(K) 

1 214 

1 293 

Nov. 9 _ ___ .. 

ii, 200 

8,a50 

7, 2.50 

7, (KK) 

1 298 

1 169 

1 . I2i» 

Nov. 12.. - . .. 

7,950 

10,600 

9, 700 

9. 575 

1 33.3 

1 220 

1. 204 

Nov. 14_ - -. 

4,9(Mt 

7,1.50 

6,650 

6.400 

1.454 

1 3.57 

1 9H» 

Nov. in. 

3, 975 

6,0.50 

,5, 7(K) 

5, 225 

1 522 

1 431 

I 314 

Nov. 19.. 

S, 6(X) 

1.5,200 

13,850 

11.9.50 

1 7r>7 

I 610 

1 .390 

Nov. 22. 

7.0(X) 

10,900 

9,8,50 

9,200 

1 5.57 

1 107 

1 314 

Total. 

173,710 

171,7.35 

160, .560 

184, 475 

. 



UNIT 3, 

AT 6(r F.; 59 PEUrENT SOIL MOISTLIlE 



Sept. 21... 

3,320 

1,020 

2,200 

2 ,4<H) 

0 578 

0 

0. 72,3 

Sept. 25. ... 

2 , 000 

.500 

5.50 

790 

. 2.50 

.27,5 

395 

Sei»t. 29... 

4,430 

2,180 

1,840 

2, 745 

.492 

.415 

. 620 

Oct. 2___ - 

4,260 

1,730 

1 .8(K) 

2.420 

.4(Mi 

. 423 

. 568 

Oct. 5 ... 

4, .500 

1,365 

1,590 

2,310 

30,1 

. 3.5,3 

513 

Oct. 8 ..... 

4.240 

1,360 

1,210 

1, 920 

321 

.285 1 

4.5;i 

Oct. 12 

8 , 200 

2.610 

2. 555 

4,3.50 

.318 

.312 1 

.5:9) 

Oct. 15.. . 

8.050 

2,820 

2.660 

4, .5.50 

3.50 

.330 1 

,56.5 

Oct. 19_ . . 

7,6.50 

2,72.5 

2.500 

4, 475 

. .361 

.331 

.593 

Oct. 22.. 

7, .550 

2,750 

2,500 

4,800 

.,3fVl 

3,31 ! 

)W6 

Oct. 24. 

5,900 

2,200 

1,9.50 

4, KK) 

. 373 

. 331 

695 

Oct. 26... . .. 

3, 550 

1,3.50 

1,2.50 

2. 350 

380 

. 352 

. <»62 

Oct. 30. . . 

7,100 

2,9.50 

2, 6,50 

5,000 

41.5 

, 373 

.704 

Nov. 1_ ...... _. ... 

4. 2CK) 

2 . IKK) 

1,7,50 

3, 200 

476 

.417 

. 762 

Nov. 3_ 

5,550 

2,800 

2,600 

4,21K) 

. .505 

.468 

.7.57 

Nov. 5 . 

4.1.50 

2,450 

2,300 

3, 5.50 

590 

..5.54 

. 855 

Nov. 7.. 

5,300 

3.250 

.3,000 

4, 700 

61.3 

. 566 

.887 

Nov. 9_ .. . . . 

3,300 

2,3(K) 

2 ,2(X) 

.3,275 

697 

.667 

.992 

Nov. 11.. 

4,250 

3,075 

3,000 

4, 275 

.724 

. 7f)6 

1 (KK'i 

Nov. 13 . . 

2,450 

1,9.50 

1.875 

2. 575 

.796 

.765 

1 051 

Nov. 15 

2,900 

2,600 

2,425 

.3,225 

.897 

.Kin 

1 112 

Nov. 17 _ , . 

4,950 

4,400 

4, 2.50 

5, 7,50 

. 889 

. 859 

1 . 162 

Nov. 20... 

4,450 

4,250 

4,3.50 

5, .5,50 

. 955 

.978 

1.247 

Nov. 22 

1,600 

1,950 

2 ,0(K) 

2,1.50 

1 219 

1 250 

1.344 

Total _ 

1 

113,750 

57,485 

55, 005 

84,660 


1 

.. .. j 

. 

UNIT 3. 

AT 66° F 

72 PERCENT SOIL MOISTURE 



Sept. 21.... 

.3,040 

2,210 

2,250 

2,760 

0.727 

0 740 

0.908 

Sept. 25. 

2,520 

1,360 

1,2.50 

1,730 

. 540 

.496 

.687 

Sept. 29.. .... 

5, 545 

2,900 

2,800 

.3,965 

. 523 

. 505 

.715 

Oct. 2_ 

4,960 

2,780 

2,325 

3,410 

.,560 

.469 

.687 

Oct. 5. 

5,450 

2,625 

2, .375 

3,700 

.482 

436 

.679 

Oct.8.. .. 

5,300 

2,380 

2,250 

3,500 

.449 

.425 

.660 

Oct. 12.... 

11,300 

6,325 

4,850 

7,450 

.471 

.429 

.659 

Oct. 15.-. 

10,800 

5,600 

5,300 

8,000 

.519 

.491 

.741 

Oct. 19. . 

9,375 

5,625 

5,475 

7,750 

.600 

.584 

.827 

Oct. 22.. 

9.750 

6.0.50 

6.000 

8.300 

.627 

.615 

.851 
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Tablb 8. —Comparison of the daily transpiration of unfertilized and fertilized 
tomato plants grown in nine different soil environments^ IBS A —Continued 

UNIT 3, AT 66® F.; 72 PERCENT SOIL MOISTURE 



Water transpired from- 


Transpiration ratio of— 

period ended 

Un- 

Plants rcoclvinR fertilizer— 

Plants receiving fertilizer— 


fertilized 















check 

12-(H2 

12-4V-12 

6-12-6 

12-0-12 

J 2-0-12 

6-12-6 


ML 

ML 

ML 

Ml 




Oct. 24 - - 

7,860 

6,300 

5.150 

6,950 

0 675 

0 666 

0.885 

Oct. . . 

4,475 

3,125 

3,075 

3,976 

.698 

.687 

.888 

Oct. 30 . ... 

9,500 

0,700 

6,9.50 

8, 

.7a5 

.732 

.905 

Nov. 1 . - - 

5,000 

4,100 

4,200 

4,950 

.820 

.840 

.990 

Nov. 3 -- - - - 

6, 7.50 i 

5, .500 

6,950 i 

7,0(W 

. 815 

.881 

1.037 

Nov. f) - 

.5,000 

4,7.50 

4,950 ' 

6,600 

.950 

I .990 

1.120 

Nov. 7. 

6,400 1 

6,150 

6,450 

7,400 

.961 

1 1 008 

1.156 

Nov. 9 

4,326 1 

4,375 

4,700 

.5,125 

1 012 

1 087 

1.185 

Nov. H . 

.5,32.5 

.5,350 

.5,725 

6,1.50 

1 (HI5 

1 075 

1.155 

Nov. 13 

3.100 ‘ 

3,175 

3.275 

3,8(K) 

1 024 

1 0.56 

1 226 

Nov. 1.0 

3.650 

3.925 

4,075 

4,800 

1 075 

1.116 

1..31.5 

Nov. 17 . 

5. H(K) 

7,a50 

7, .500 

7,H(K) 

1 216 

1 293 

1.345 

Nov. 20 

; 5.500 

7,150 

7,800 

7.6(H) 

1 300 

1 418 

1.382 

Nov 22 - - 

1 2,6(K) 

3,000 

3,200 

1 3,050 

1 1.54 

1.231 

1.193 

Total. 

i 143,315 

106,505 

107,875 

133,365 


1 

.!. 


I’MT 3, AT wr F.: 86 PERCENT SOIL MOISTURE 



' j 

1 ‘| 


1 “ -- 1 

-- — ■ 

— 

1 

Sept 21 

1 5,320 

[ 3,260 1 

3,200 

1 4,140 

0,613 

0 602 

0 778 

S{'i)t 25 

4,02(1 

1 2,030 j 

1,760 ! 

2.700 

. .505 

.4.38 

.672 

Sept 29 

' 9,330 

! 4,560 i 

4.035 

6,255 

.489 

. 432 

.670 

Oct. 2 

i 7.69(1 

3,890 

3,140 

.5,430 

.606 

.408 

706 

Oct. 5 

; 7,7.50 

4,000 

3, 550 

.5,925 

. 516 

.458 

.765 

Oct. 8 . 

7.4(X1 

3,9(H) 

3,300 

5,600 

. 527 

.446 

.757 

Oct 12 . 

; 15,175 

8,8.50 1 

7,225 

12,025 

.58.3 

.476 

.792 

Oct. 1.5 

i 13,3(H) 

9,200 i 

7.400 

11,800 

.692 

.656 

.887 

Oct. 19 

' 11,025 

8,850 1 

7.325 

! 10,875 

.803 

.664 

.986 

Oct 22.. 

' 10, (HH) 

9,350 : 

7. .550 

10.900 

. 9.35 

.755 

1 090 

Oct 24 

‘ 8.250 

1 H, (HX) i 

6.450 1 

9,2(X) : 

.970 

.782 

1.115 

Oct. 26. 

1 4.8(K1 

4.750 ' 

4,075 1 

5,775 

1 .990 

.849 

1.203 

Oct. 30. 

' 10, (HHJ 

10.500 i 

8.9(X) 

12,450 ; 

! 1.050 

.81X) 

1.245 

Nov. 1 .. 

; 5,3.50 

5.900 ; 

5.100 ! 

I 6.8(H) ; 

1 ia3 

.953 

1.271 

Nov. 3 .. 

, 7,4.50 

H, 1.50 i 

7.300 i 

1 9,4.50 1 

1 094 

.980 

1 268 

Nov. 5.. 

- 5. 2(K) i 

6,500 I 

.5.750 

6,950 1 

1,2.50 

1 IOC 

1.337 

Nov. 7. 

7,100 

8,300 ' 

7,750 j 

i 9,5.50 1 

1 169 

1,092 

1.345 

Nov, 0 

4.72.5 

! 5.8,50 1 

5,425 

1 6,375 

1 238 

1 148 

1 1 349 

Nov. 11 

5.825 

7,375 

6,850 1 

8,125 i 

1 2(M) 

1 176 i 

1.395 

Nov. 13 . 

3.275 

' 4.225 

3,975 ! 

4.825 

1 290 

1.214 1 

1.473 

Nov. 15 

' 3,97.5 

I .5,275 

4,975 ’ 

' 5,525 

1 327 

1 252 

1 .390 

Nov 17 

1 6,4fH) 

1 9.100 

8.tKH) 

; 9, (XH) 

1 422 

1 391 

1,500 

Nov. 20 . 

6, 2(H) 

; 9.1(K) 1 

8.H(X) 

! 9.3(M) 

' 1 468 

1 419 

1.500 

Nov. 22 . 

_ 1 2,750 

1 4,a50 1 

3.650 

, 3.950 

1 1.473 

1. 327 

1. 436 

Total 

172,310 

i 154,965 1 

136.385 

I 183,525 

1 ... .. i . j. 


It is obvious that the daily transpiration of all plants increased with 
increase in size, and later declined during the cloudy months of fall 
and winter; however, it is also apparent that certain of the check 
plants liad a greater decline in their daily transpiration than did the 
corresponding fertilized plants. There was some difference in the 
time when the plants were topped, but this difference was due pri¬ 
marily to the effect of soil moisture and temperature and not to fer¬ 
tilizer treatment. The majority of the plants were topped during the 
last two weeks of October before any considerable decline in transpira¬ 
tion occurred. Topping the plants after the appearance of the sixth 
flower cluster produced plants of nearly the same size and weight. 
The relative plant sizes arc indicated by the data given in table 4 on 
the dry weight of the plants. 
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A detailed interpretation of the data pjesonted in table 8 can best 
be made by diagrams or graphs. Figure 1 illustrates the gradual 
change in the rate of transpiration of the check plants, associated 
apparently with the exliaustion of nutrients in the soil, as compared 
with the 12 6-12 fertilized plant culture. This diagram is based on 



Fkjuke 1.—Daily transpiration of three fertilized (12 0 12) and of three un¬ 
fertilized tomato plants av(‘rap:ed during; 2- to 4-day periods for tlie last (it 
days of ^rewth, with eorn*eted l)laek-atmoniet(*r index to indieat(; tlu* r(*lative 
evaporation int(‘nsity diiriiiR the same ])eriods. Plants gro\Mi in greenlioust* 
unit 1, at 74^^ F. and 8() pereent soil moisture. 


the average daily amounts of water transpired p(‘r ])lant oviu* 2- to 
4-(lay periods during the 64 days of growth at 74^^ F. Marked 
changi'S in the rate of transpiration were indieat<‘d, altliough the soil- 
moisture content was maintained at a fairly constant level of approxi¬ 
mately 86 ])erc(‘nt of water-retaining capacity. Th(‘ corj*ected 
aimometer index is shown for the period in onhu* to give some idea of 


FERTILIZER FORMULAS 
•-•-^♦• 6 - 12-6 

- 12-6-12 •, 74 F , 59 PERCENT SOIL MOISTURE 

- 12 - 0-12 

CHECK • I 0 



FnurKE 2.—Relative transpiration of tomato plants fertilized with different 
amounts of nutrients, in comparison with the unfertilized check taken as 
unity. Based on data from table 8, unit 1, 74® F., 59 i)crc(*nt soil moisture. 


the evaporation intensities. The amount of water transpired pcT 
day from the chock plants (»xce(‘ded that from the 12 6-12 fertilized 
plants during the first 43 days. After the forty-third day, October 3J, 
there was a sufficient decrease in the daily transpiration of the check 
plants to cause it to fall below the level of the 12-6-12 plant culture 
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while the transpiration of the latter continued with comparatively 
sliglit change. 

The data given in table 8 relating to the ratios of the transpiration 
of the fertilized to that of the respective unfertilized check cultures of 
tomatoes are presented graphically in figures 2 to 10. 



SEPTEMBER OCTOBER NOVEMBER 

Ficurb 3. —Relative transpiration of tomato plants fertilized with different 
amounts of iiutricnts, in comparison with the unfertilized check taken as unity. 
Based on data from table 8, unit 1, 74® F., 72 percent soil moisture. 

With the check plants equaling 1.0 as a basis for comparison, 
figures 2 to 10 show the rather marked changes in the transpiration 
ratios of the fertilizc'd to the respective unfertilized check plants. It 
is important to observe that whereas the check plants transpired 
much more water than did the fertilized plants of about the same 



SEPTEMBER OCTOBER NOVEMBER 


Figure 4. —Relative transpiration of tomato plants fertilized with different 
amounts of nutrients, in comparison with the unfertilized check taken as unity. 
Based on data from table 8, unit 1,74® F., 86 percent soil moisture. 

size, as indicated by early and total amounts, their transpiration fell 
off gradually in many cases, while the fertilized plants (stUl about 
the same size as the checks) did not show an equal decline in the 
amount of transpiration; therefore, in such cases the checks gradually 
dropped below the fertilized plants. These trends are definite and 
are reflected in the increasing values of the ratios based on the check 

290584—41-2 
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SEPTEMBER OCTOBER NOVEMBER 


Figure 5. —Relative transpiration of tomato plants fertilized with different 
amounts of nutrients, in comparison with the unfertilized check taken as unity. 
Based on data from table 8, unit 2, 70° F., .lO percent sod moisture. 



SEPTEMBER OCTOBER NOVEMBER 


Figure O.- Relaliv^e transpiration of tomato plants f(*rtiliz(‘d with diff(‘rent 
amounts of nutrients, in comparison with the unfertilized cheek taken as unity. 
Based on data from table 8, unit 2, 70° F., 72 p(*rcent soil moisture. 



18^ FERTILIZER FORMULAS 



SEPTEMBER OCTOBER NOVEMBER 

Figure 7.— Relative transpiration of tomato plants fertilized with different 
amounts of nutrients, in comparison w'ith the unfertilized check taken as unity. 
Based on data from table 8, unit 2, 70° F., 86 percent soil moisture. 




RELATIVE transpiration (RATIO) ^ RELATIVE TRANSPIRATION (RATIO) ^ RELATIVE TRANSPIRATION (RATIO) 
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SEPTEMBER OCTOBER NOVEMBER 


[GUKE 8. -Relative transpiration of tomato plants fertilized with different 
amounts of nutrients, in comparison with the unfertilized check taken as 
unity. Based on data from table 8, unit 3, 66° F., 59 percent soil moisture. 



SEPTEMBER OCTOBER NOVEMBER 


KJURE 9."-Relative transpiration of tomato plants fertilized with different 
amounts of nutrients, in compari.son with the unfertilized check taken as 
unity. Based on data from (at>Ie 8, unit 3, 60° F., 72 percent soil moisture. 





Figure 10 . —Relative transpiration of tomato plants fertilized with different 
amounts of nutrients, in comparison with the unfertilized check taken as unity. 
Based on data from table 8, unit 3, 66° F., 86 percent soil moisture. 
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plants as unity. Onco the ratio lines cross the unity base line they 
do not rocross; and there is little or no subsequent downward trend. 

This change in ratio of water transpired was rather marked even 
with low soil moisture, 59 percent (figs. 2, 5, and 8); but at this moisture 
level the ratio of transpiration of the fertilized to the check plants 
exceeded 1.0 only when the plants were grown at 66° F. The marked 
changes in the transpiration of the check plants are interesting, 
since the dry weights of the check plants exceeded those of the fertilized 
ones at all temperatures when grown at a low soil-moisture level 
(table 4). 

The effect of 72 percent soil moisture was to hasten the relative 
transpiration change, as indicated by figures 3, 6, and 9. At this 
soil-moisture level there was a more rapid change in the ratios of 
transpiration and also there were larger differences between the 
transpiration ratios of the several treatments than was the case at a 
59-percent soil-moisture level. There was also an increase in dry 
weights of the plants in these moister cultures, as is indicated by 
data in table 4. 

The transpiration change occurred at an even earlier date when the 
plants were grown with 86 percent soil moisture. There was also 
a more rapid growth of the plants, which would tend to exhaust the? 
soil nutrients earlier (figs. 4, 7, and 10). 

It is obvious from the data given tliai many factors affect growth 
response and transpiration. Attention should be called to the 
deleterious effects of low soil moisture (59 percent of water-retaining 
capacity), at which level growth was retarded rather markedly by the 
applied fcrtilizer—evidently toxic under these cultural conditions 
because of the high osmotic strength of the soil solution. This fact 
is indicated by the larger dry weight of the check plants and the 
greater use of water per unit of dry weight. It also appears that 
growth of the check plants was retarded to such an extent that the 
soil nutrients were not totally exhausted; consequently, there was a 
relatively small change in the transpiration of the check jdants at 
this low soil-moisture lev(»l. However, at the low temperatun' 
(66° F.) the transpiration of the check plants exc(*eded that of tin* 
fertilized plants until after the fifty-third and sixty-fourth day, when 
the declining transpiration of the check plants dropj}ed below that of 
the fertilized plants (fig. 8). The clos(» similarity under all conditions 
of the daily transpiration of the two fertilized cultures ]2“0“J2 and 
12-6-12 is striking, but this phenomenon is difficult to explain ad(‘- 
quately {20). This ndation of the transpiration of these cultures is 
apparent in figures 2 to 10, inclusive, with the curves for the 12-0-12 
cultures closely following those for the 12-6-12 cultures. 

The growth rate of the plants at 72 percent soil moisture exceeded 
that of the plants grown at 59 percent soil moisture at all tempera¬ 
tures, and as a result soil nutrients were exhausted earlier and mon'. 
rapidly. The faster growth of these plants at 72 percent soil moisture 
was associated with a more rapid and earlier declirui in the transpiration 
of the check plants when compared with the fertilized plants than was 
the case at the 59-percent soil-moisture level (figs. 3, 6, and 9). At 
the high temperature (74° F.), the rate of transpiration of the check 
plants exceeded that of the 12-0-12 and 12-6 -12 fertilized plants until 
November 19, and that of the 6-12-6 plants until November 2, after 
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which dates the transpiration of the fertilized cultures exceeded that 
of the check. At 70° the rate of transpiration of the check plants 
exceeded that of the 12-0-12 and 12-6-12 fertilized cultures until 
November 9, and that of the 6-12-6 until November 3, after which 
dates the fertilized plants transpired larger amounts of water over 
equal periods. These facts appear to indicate a definite measurable 
decline in the rate of transpiration of the check plants after nutrient 
depletion in the soil. The rate of transpiration of the check plants 
grown at 66° exceeded that of the 12-0-12 plants until November 9, 
that of the 12-6-12 plants until November 7, and that of the 6-12-6 
plants until November 3, after which dates the rate of transpiration 
of the fertiliz<Ml plants (exceeded that of the check plants. 

The largest inen^ase in plant growth and fruit yield occurred with 
plants grown at 86 percent soil moisture in all three temperature units. 
At 74° F. the rate of transpiration of the check plants exceeded that 
of the 12-0-12 fertilized plants until October 31, that of the 12-6-12 
plants until November 2, and that of the 6-12-6 plants until October 
22 (figs. 4, 7, and 10). At 70° the rate of transpiration of the check 
plants exc(‘eded that of tin* 12-0-12 and 12-6-12 fertilized cultures 
until Novemb<‘r 1, and that of the 6-12-6 culture until October 19, 
aftcir which dates there was a definite measurable decline in the rate 
of transpiration of the check plants (fig. 7). At 66° the rate of trans¬ 
piration of the ch(‘ck plants exceeded that of the 12-0-12 fertilized 
plants until October 30, that of the 12-6-12 plants until November o, 
and that of the 6 12-6 plants until October 22 (fig. 10). These facts 
an^ a furth(»r indication of a definite measurable d(‘cline in the trans¬ 
piration of unfertilized plants that occurn^d concurrently with the 
exhaustion of soil nutrients. 

DISCUSSION 

Tin* (‘Xtensive data pr(‘sent(‘d in both table and graph emphasize 
the efl’ects of .soil moisture, soil nutrients, and temperature on the 
general growth habits of the tomato, on the total water expenditure, 
on the daily transpiration, on periodic changes in the daily amount of 
trans[)iration, and on the starch content of the plants. It is obvious 
that additional data would be helpful in drawing conclusions. Meas- 
uremcuits of the leaf area of the plants in the respective cultures would 
have been valuable but were impossible to obtain with so large a group 
of plants. The only available data sliowing comparative size of un¬ 
fertilized and fertilized plants arc those in table 4 showing the dry 
W’(Mghts of the vegetative part of the plants. Dry and green weights 
of the leaf part of the plants are available, but these would not be 
adequate for determining the rate of transpiration per unit area, since 
it is assumed that some transpiration takes place through the stem. 
Furthermore, the dry w^eight of the leaf part of the plant shows a 
straight-line relationship to the total vegetative dry weight of the 
plant, hence the two are equally seiwiceable as criteria of size. The 
data given in tables 2 to 4 show- striking differences in magnitude 
because of fertilizer, soil moisture, and temperature differences. One 
important and notable exception is that no significant differences due 
to fertilizer are indicated by tlie mean square of the dry weight of the 
plants, but interaction involving fertilizer X moisture is higlily sig¬ 
nificant (table 4). However, fertilizer had a higlily significant effect 
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(with odds greater than 99:1) on the water requirement (table 2) and 
on the total water transpired (table 3) during the experimental period. 
These data in tables 2 to 4 and the statistical analysis included with 
each table are very good examples of data that may lead one astray 
in attempting an explanation of a series of events when only the end 
result is observed. In tables 2 and 3, in the analysis of variance, 
highly significant differences are indicated which to the casual observer 
might lead to the gencsral conclusion that the check plants had the 
highest rate of transpiration per plant throughout the entire pi^riod 
of the experiment. Data presented in table 8 and the graphic presen¬ 
tation of these data in figures 2 to 10 show veiy strikingly why such 
an int(‘rpr(itation would be incorrect. It is quite evident that a 
rather marked decline in the transpiration of the ch(‘ck plants occurnrl 
concurreritlv with the exhaustion of the soil nutrients and nitrogen 
( 10 ). 

Data on water rc(|uiremcnt for entire growth periods have been 
used as a basis for tin*, following concept: '^When the supjdy of nutrients 
in the soil approaches exhaustion, the rate^ of growtli of the plant is 
greatly reduced, but no corresponding changes occurs in the transpira¬ 
tion rate. This fact is (evidence that transpiration is not a nn^asure of 
growth” (/J, /). 600). Data that give only the final wat(*r re(iuir(»- 
nient (or water expenditure per gram of gain in i)lant wcught) are not 
valid for supporting the concept just quoUKl. Data basecl on tin' 
total water transpired cannot possibly reveal what happened to the 
rate of transpiration of the plants before or after the soil nutrients 
were exhausted or during any other limited period; tiny indicate 
merely that the check plants averaged a relatively higln'r rat(‘ of 
transpiration over tin*, entire test p(»riod. 

The large accumulation of starch in the stcun and leaf parts (tabh's 
t) and 7) of the unfertilized check plants was highly significant and 
differed from that of the fertilized group of tomato plants with odds 
greater than 99:1. These data appear to indicaU* that a delinitt' 
change in the metabolism of the check plants has resulted becaust' of 
the apparent ('xhaustion of soil nutrients. These data also sugg('st 
that a process of dehydration was initiated, with a large* part of tin* 
carbohydrate content of the check plants l)ecoming inactive, a fur¬ 
ther indication of retardinl metabolism (10). The dc'cline in the daily 
transpiration of the check plants was concurrent with this apparent 
retarded metabolism and growth, and is illustrated by the data pre¬ 
sented in table 8 and in figures 2 to 10. Lloyd (13) and Iljin (J1) 
called attention to the fact that high starch cont(Uit of the leavers was 
usually associated with stornatal closing, and these authors sugg(*st(‘d 
a possible relation to retarded transpiration. 

SUMMARY 

In this paper extensive data are submitted that show differences in 
the daily amount of transpiration of tomato plants (Lycopersicon eficu- 
lentum Mill.) when grown in the greenhouse in soil with 4 nutrient 
treatments under 9 sets of environmental conditions involving 3 varia¬ 
tions in soil moisture and 3 in air temperature, giving altogether 36 
points of observation for study. Evaporation capacities of the air 
under the three conditions of temperature were measured. 
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With increasing amounts of soil moisture and decreasing tempera¬ 
ture, there was a corresponding increase in the rate of plant growth 
that was directly correlated with the early exhaustion of soil nutrients 
in the unfertilized cultures—a condition which was further reflected 
by a definite, measurable decline in the transpiration of the unfertilized 
plants. This decline in transpiration was relatively large at high soil- 
moisture levels. 

Data treated statistically by the method of analysis of variance in¬ 
dicate the highly signifi(‘,ant effects of soil moisture, soil nutrients, and 
temperature on total water transpired, on the water requirement, on 
the fruit yield, and on th(i starch content of stem and leaf parts of 
tomato plants. Temperature and soil moisture, but not soil nutrients, 
had a highly significant effect on the final diy weight of the plants, all 
of which wt^re topped uniformly after the appearance of the sixth flower 
clustcT and pruned for removal of all axillary growth. 
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EFFECT OF CERTAIN FUNGICIDES AND ENVIRON¬ 
MENTAL FACTORS ON THE RATE OF TRANSPIRATION 
OF TOMATO PLANTS 1 

By Arthur C. Foster, senior pathologislf and Kverett C. Tatman, assistant 
scientific aide^ Division of Fruit and Vegetable Crops and Diseases^ Bureau of 
Plant Industryy United States Department of Agriculture 

INTRODUCTION 

Tli(^ offect oil rate of transpiration of the application of certain 
fungicides to the foliage of plants has attracted considerable attcHi- 
tion during th(^ past 25 years. Recently, however, this interest has 
h('comc more intense because of the effeiJt of a number of these fungi¬ 
cides, especially those containing zinc sulfate or copper phosphate, 
on (he giyiwth and im^tabolic responses of the plant. In many of the 
(‘xperiments reported, the plants used were young, the foliage was 
t<'nder, and thti apparent increase in rate of transpiration was due to 
injury by the fungicide and subsequent desiccation and cuticular 
loss, as suggested by Horsfall and Harrison {17)} At the present 
time it apptmrs that when certain fungicides arc applied to young, 
teiuh'r plants there is a definite measurable increase in the rate of 
transpiration, but when applied to old, mature plants the rate of 
transpiration changes little. Very few data have appeared in the 
lit('Tature that show tlie elTects of these fungicides on the rate of 
transpiration of larg(', bearing plants, wduui grown under wudely 
diffen^nt environmental (conditions. 

Since fungicides are also applied to large, bfcaring plants wlnui 
grown und(‘r field conditions in commercial practice, the rate of 
trans])iration and the metabolic responses of the plants under these 
conditions an* of considerable importance. Therefore, any addi¬ 
tional quantitative data secured under conditions approaeliing those 
of normal crop plant growth, where the efl‘ects of several environ¬ 
mental factors affecting the rate of transpiration are measured con¬ 
currently with the effects of certain fungicides, would appear to be 
([('sirable in evaluating and interpreting many factors involved in 
this problem. 

In tliis paper, data arc presented showing the independent effects 
and interac'tions of fungicides and environmiuital factors on the rate 
of transpiration of maturing tomato plants {Lycopersicon esculentum 
Mill.) 

REVIEW OF LITERATURE 

The lit(Talur(' relating to the effi'ct of fuugicid(\s on the rate of 
transpiration of plants is extensive and varied. The following wx)rk- 
(U’s have all rej^orted an increase in the rate of transpiration due to 
th(' application of fungicides either on detached leaves or, in many 
('xperinnmts, on young ])ott(Hl plants: Bain (I), Bonde (S, 4), 
Butler (<5), Duggar and Cooley (.9, 10)^ Duggar and Bonus (S), 

1 Recoived for publication August 30, UMO. 

»Italic nuiiibens in parcnthcsi's refer to Literalure riled, p. 733. 
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Dutton and Wells (ii), Frank and Kruger (/f5, 16)y Krauschc and 
Gilbert [18), Martin (21)y Martin and Clark (22), Kimnels and 
Wilson (25), Shive and Martin (27), Wilson and Runnels (30, 31, 32), 
and Zucker (33),^ A nunilxu* of other investigators have failed to 
find very marked effects of fungicides on the rate of transpiration 
when, in most instances, normal or field types of plants were used. 
Among these are Bayer (2),^ Childers (6), Clinton (7), Ewcrt (12), 
Horsfall and Harrison (17), Lutman (19, 20), Miller (23), Rumm 
(24)y Schander (26), and Sturgis (29). 

MATERIALS AND METHODS 

ENVIRONMENTAL CONDITIONS 

Thc! tomato plants used in the thr(H‘ experiments r(‘poried henun 
were grown in a fertile gi’cenhouse soil at the Arlington Experiment 
Farm, Arlington, Vn., during 1933 and 1934. The controlled factors 
were tempc^rature, soil moisture, and the proportions of mineral 
nutrients. The fungicidal sprays studied were coppcir jihospliate- 
bentonite-lime mixture, zinc sulfate-lime, and bordeaux mixture. 

Th(i experimental method used has been described in detail in pro 
vious papers (13, 14)> The tomato plants were grown at a numbei* 
of diffenuit soil-moisture hovels, which will be indicated later. Each 
of the experimental series was s(d> up by first determining the original 
amount of water in the soil and then adding sufficient water to bring 
thc water content up to the required percentage. After the seedlings 
had been transplanted to the crocks thc soil moisture was maintained at 
approximately thc desired level by frequent additions (four to six 
times daily) of measured amounts of water, tlu*. required amounts 
being determined by weighing the cultures on solution balance's of 
40-kg. capacity. 

Thc plants used were similar to staked and prum'd plants grown 
under field conditions. They were fruiting, large, and had heavy 
thick foliage. Figure 1 shows the very marked efiVet of temperature 
on the growth and habit of the tomato plants used in tht'se experi¬ 
ments; all other conditions were uniform, with soil moisture at 8fi 
percent of water-retaining capacity and with 12-0-12 fertilizer. 
Figure 2 shows the effect of soil moisturi' on plant growth and habit 
when other conditions were uniform. 

Three crops of tomatoes were used in the experiments, and the 
experimental methods difl*ered considerably in the' ilmn) t(*sts. For 
convenience in presenting thc data, the three experiments will be 
designated as the copper phosphate, zinc-lime, and bordeaux mixtun* 
experiments, and the details will be given under these headings. 

All plants in the three experiments were healthy and the fungicides 
were applied solely to determine their effect on the rate of transpira¬ 
tion. 

COl'PER PHOSPHATE EXPERIMENT 

The copper phosphate experiment w^as conducted from March 3 
to May 24, 1933, and the duration of the water-expenditure record was 
82 days. The prespray period extended from March 3 to April 17, 
or 45 days, and was for the purpose of determining the relative tran- 

3 Cited by Miller (BS, p. 62i). 

♦ Cited by Miller {MS, p. 607), 
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spiratioii ratios of tho paired plants before spraying. The spray period 
lasted from April 17 to May 24, or 37 days, during which time the 
effect of copper phosphate on the rate of transpiration was observed. 



Fiuure 1.—Tomato plants showing influence of different temperatures on growth. 
Cultures grown at (.4) 65®, (B) 70°, and (C) 74° F. All were grown at 86 
percent of soil-water-rotaining capacity and with 12-6-12 fertilizer. 


This crop of tomatoes was ctowu in two different temperature imits 
of the greenhouse (units 2 anaS), but because of rising outside temper¬ 
atures the differences between the units decreased with time. During 
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the prespray iieriod the mean temperature of unit 2 was 65.1° F. and 
that of unit 3 was (58.5°, a difference of 3.4°. During the spray period 
the mean temperature of unit 2 was 71.4° and that of unit 3 was 72.9°, 
a difference of only 1.5°. These data indicate a 6.3° mean-tempera¬ 
ture difference between the prespray and the spray period for unit 2, 
and a 4.4° mean-temperature difference for unit 3. 

In this experiment, a check and six fertilizer mixtures of the following 
formulas were used: 0~0"12, 0-6-6, 0-12-0, 6-0-6, 6-6-0, and 



Ftottue 2.—Tomato i)lant8 showing influence of soil moisture on growtii. Cul¬ 
tures grown at (A) 65, (B) 56, (C) 47, and (/>) 39 percent of soil-water-retain- 
iiig capacity. All were grown at 76° F, and with 12 2-2 fertilizer. Plants 
from a series grown in 1932. 

12 0 0, the values in each formula representing nitrogen, phosphorus, 
and potassium, respectiv(4y; the check rectuved no additional fertilizer*. 
Five diff’(‘rent soil-moisture levels were established and maintained at 
approximately 86, 77, ()9, 60, and 51 percent of the water-retaining 
capacity of the soil. (See table 1.) 

Single plants were grown in 3-gallon glazed crocks. Two crocks of 
each fertilizer treatment and of the check (receiving no adtlitional fer¬ 
tilizer) were placed in each of the five soil-moisture scries in each of the 
two different temperature units of the greenhouse. One plant of each 
pair was sprayed and the other was not, giving a treated (T) and a con- 
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trol (C) plant at each of the 70 points of observation, a total of 140 
plants under approximately controlled environmental conditions. 

This crop was sprayed with three applications at 10-day intervals 
during the 37 days of the spray period. The spray mixture consisted 
of 2 pounds of copper phosphate, 4 pounds of hydrated lime, and 2 
pounds of bentonite, mixed and suspended in 50 gallons of water. 
Approximately 400 cc. of this mixture was applied to each treated 
plant at each of the three applications. In spraying, the plants were 
tipped at an angle to avoid application of the spray to the soil. Since 
the plants were always in the greenhouse, no spray residue was removed 
by rainfall. 

ZINC-LIME EXPERIMENT 

The zinc sulfate-lime experiment was conducted on a fall crop of 
tomatoes from November 23, 1933, to Janua^ 22, 1934, a period of 60 
days. In this experiment, no prespray period was established since 
the cultures were of uniform size, permitting pairing at the beginning, 
one being sprayed and the other not sprayed. 

Three fertilizer mixtures of the following formulas were used: 
12-6-12, 12-0-12, and 6-12-6. Three soil-moisture levels were estab¬ 
lished: 86, 77, and 69 percent of the water-retaining capacity of the 
soil. The plants were grown under three different temperature con¬ 
ditions, and because of favorable outside temperature, inside tempera¬ 
ture control was fairly constant. The mean temperatures for units 1, 
2, and 3 were 76®, 71®, and 65® F., respectively. 

Four crocks (single-plant cultures) of each fertilizer treatment were 
placed at each of the three soil-moisture levels in each of the three dif¬ 
ferent temperature units of the greenhouse. Two of each of these were 
sprayed and two were not sprayed, giving tvro replications at each of 
the 54 points of observation and a total of 108 plants under well-con¬ 
trolled environmental conditions. 

The tomato plants in this experiment were sprayed with a mixture of 
4 pounds of zinc sulfate and 4 pounds of hydrated lime in 50 gallons of 
water. Three applications of this fungicide were made, each at the 
rate of 400 cc. per treated plant. The first application was made 
November 23, the date of the first vrater-expenditure record, and the 
succeeding applications 2 and 4 weeks later. 

BORDEAUX MIXTURE EXPERIMENT 

The bordeaux mixture experiment was also made upon a fall crop, the 
water-expenditure record beginning September 18 and ending Decem¬ 
ber 1, 1934, extending over 74 days. The prespray period lasted 43 
days, September 18 to October 31, 1934. The spray period was 31 
days, from October 3l to December 1, 1934. 

This experiment was different from the other two, as temperature 
was the only variable in the environment. The mean temperatures 
for units 1, 2, and 3, were 74®, 70®, and 66® F., respectively. A soil 
moisture of 72 percent of water-retaining capacity and a 6-12-6 
fertilizer were used for the experiment. Three replications at each 
of the six points of observation gave for study a total of 18 plants. 

This crop of tomatoes was sprayed with a 4-4-50 bordeaux mixture, 
400 cc. to each treated plant. Three applications were made at 
10-day intervals during the spray period. 
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TEEATMENT OP DATA 

The statistical procedure used by Duggar and Cooley (9, 10) 
and adopted by Miller {2S) and others for measuring the effect of 
fungicides upon the rate of transpiration of plants was followed in 
the computation and interpretation of the data presented in this 
work. This method was designed to remove the influence of all 
factors except those due to spray, i. e., the ratio between the tran¬ 
spiration from the treated and the control plant (T : C). In addition 
to the calculation of the transpiration ratios, the results of other 
statistical treatment of the data are also given, namely, the ratio 
of units of water transpired to the units of dry material produced 
above ground (water requirement); the water expended during the 
prespray, spray, and the entire experimental period. It is important 
to observe that the Duggar-Cooley and the analysis of variance 
computations appear to give consistent results; consequently either 
method is a valid basis for the interpretation of data. 

Duggar and Cooley (5, 10) divided their plants into two groups, 
designating those to be sprayed “T” (treated) and the control plants 
“C.” These plants were paired and the transpiration ratio T': C' 
was determined before spraying. After the standardization period, 
the treated plants, T, were sprayed, and the ratio of the units of 
transpiration T : C was again determined for each pair of i)lants. If 
the ratio T : C had increased after spraying, the transpiration rate 
increase was presumed to be due to the application of the fungicide. 
If the ratio T : C had decreased, if the transpiration rate was less, 
or if it had not changed there was no apparent effect of the spraying 
on the transpiration rate. The third ratio T : C, which is a relativ(> 
measure of the effect of spraying for the spray p(>riod, is then calculated 
by considering the ratio before spraying as 1.00. 

In many of the e.xperiments reported by other workers the amoiuit 
of water transpired daily by the plants us(*d was small, and the 
prespray and spray periods were of very short duration. Data 
obtained under such conditions are difficult to int(*rpret and are not 
applicable to larger, older plants. To overcome those difficulties 
hearing plants were used (figs. 1 and 2) that transpired a largo volume 
of water during daily periods, and the prespray and spray periods 
were extended over several w(‘eks. 

The amounts of water transpired over the entire period of observa¬ 
tion by all the plants used in these experiments are of interest. During 
the prespray period of 45 days in the copper phosphate experiment, 
the average plant transpired a total of 18.3 liters of water; during the 
spray period of 37 days, 37.5 liters; and for the two periods, a total 
of 55.8 liters. These amounts are the means for 140 plants (treated 
and control groups), and if marked stimulation of transpiration had 
occurred, as has been frequently reportcal, the large amounts of water 
recorded would obviously be adequate to determine the different 
re^onses. 

The tomato plants used in the otlier two experiments reported 
herein likewise transpired large amounts of water. 
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EFFECT OF FUNGICIDES ON TRANSPIRATION RATE OF 
TOMATO PLANTS 

COPPER PHOSPHATE EXPERIMENT 

The effect of copper phosphate on the rate of transpiration of tomato 
plants is illustrated in table 1, which shows the ratios of treated to 
control (T : C) plants during the prespray period, the spray period, the 
difference between periods, and the corrected ratio for the spray 
period. These data are listed under appropriate subheads for each 
level of soil moisture and each fertilizer under which the spray test 
was conducted. The application of Snedecor^s {28) adaptation of 
the analysis of variance to the ratios (test to control) showed no signifi¬ 
cant effect of temperature, fertilizer, or soil moisture. However, the 
difference between the observed treatment mean (1.064) and a hypo¬ 
thetical control mean (1.000) shows the effect of copper phosphate- 
bentonite-lime spray to be a highly significant factor in increasing 
water expenditure by odds of more than 99 :1 (table 2). 

To test further the effects of copper phosphate spray on the rate 
of transpiration of tomato plants, data on the water transpired 
during the 37 days of the spray period and on the water requirement 
(total units of water transpired per unit of dry weight of aerial parts 
of plants) were analyzed by the variance method (table 2). In 
table 2 tlie significant effects of copper phosphate spray (test and 
control groups) on transpiration, and the highly significant effects of 
temperature, soil moisture, and fertilizer are clearly evident. The 
following interactions were significant: Temperature X moisture, tem¬ 
perature X fertilizer, and moisture X fertilizer. It is important also 
to note that there were no significant first-order interactions involving 
spray treatment, which indicates that the effect of copper phosphate 
on the rate of transpiration of tomato plants was not influenced 
significantly by the environments under these experimental conditions. 

For the spray period the mean weight of water transpired by the 
sprayed plants was 38.4 litere and by the unsprayed, 36.7 liters; the 
mean dry weights were 77.4 gm. and 80.8 gm., respectively. The 
mean water requirements for the plants under the various conditions 


were as follows: 

Cc. 

Sprayed . . . .749 

rnsprayed_ _ . 703 

CircenhcniRC unit 2 . . _ _ 702 

Greenhouse unit 3^__ „ _ . 750 

At soil moisture percentage: 

80.. _ _ :_ _ . _ , _826 

77. ,735 

69_^. - _702 

60_ 710 

51_ _ . . . _ . 658 

With fertilizer mixture: 

No fertilizer. _ _ _781 

00-12 _ 766 

0-6-6.. . . _744 

0-12-0_ __ , _784 

6-0-6_ - . 692 

6-6-0_ - , _ _696 

12-0-0__ __620 


J For tcraporature of Rreonhousc unit, soo p. 724. 
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Table 2. —Analysis of variance of data showing the effect of copper phosphate spray 
on the transpiration ratio (T : C and T' : C', table 1), total water transpired 
during spray period^ water requirement, and dry weight of tomato plants 


Mean square for— 


Source of variance 

Degrees of 
freedom 

Transpiration 

ratios 

Total water 
transpired 

Water re¬ 
quirement 

Dry weight of 
plants 

Total.-. 

139 

0.008,304 

136.52 

13,737 

552.29 

Between spray treatments . 

1 

1.123,018 

2108.98 

1 74,199 

3389.44 

Between temi)eraturos. 

1 

.009,578 

11,145.37 

1 76,332 

» 773.62 

Between moistures. _ _ 

4 

.001,890 

» 591.20 

1 108,129 

> 1,490. 43 

Between fertilizers. 

0 

.009,469 

> 2,027. 77 

> 72,a35 

> 8,430.13 

Total interactions . ...... 

127 

. 007,469 

25.13 1 

7,041 

150.09 

Spray treatments X temperatures . . 

1 

.001,872 

.01 

4,144 

107. 64 

Spray treatments X moistures. 

4 

.U02,6(X) ! 

1.29 

2,861 

9.30 

Spray treatments X fertilizers__ 

Temfieratures X moistures... 

(\ 

.006,084 

r,.74 

1,238 

42.44 

4 

.008,154 

1 23.63 

11,910 

25.40 

"I'emporatures X fertilizers _ 

6 

.014.362 

» 15.18 

*15,915 

2 179.98 

Moistures X fertilizers- 

24 

.008,588 

> 106.31 

8,796 

>486.38 

Remainder interactions (error) _.. 

HJ 

.007.000 

1 1 

5.04 

6, 797 

70.83 


1 iSip;ni(lcant by odds of more than tttt : 1. 

3 Significant by odds of more than 19 : J but less than 99 :1. 


The application of the copper phosphate spray to tomato plants 
also had a highly significant effect on the water requirement of the 
plants as is indicated in table 2. It is of particular interest to note 
that the effects of copper phosphate, temperature, and fertilizer upon 
water requirement were of similar magnitude, all being highly sig¬ 
nificant. Soil moisture also had a highly significant effect. The 
only significant interaction observed was temperature X fertilizer. 
Since there was no significant interaction involving spray, it appears 
that in these studies the effect of spray on water requirement was 
entirely independent of these environmental factors. 

Table 2 also gives a variance analysis of data showing the effects of 
cojiper phosphate spray and the environmental factors on the dry 
weight of the tomato plants. There were significant differences in the 
dry weights of the sprayed and of the control groups, and highly sig¬ 
nificant differences due to temperature, moisture, and fertilizer. Rather 
large interactions were observed for temperatures X fertilizers, and 
moistures X fertilizers, but there were no significant interactions 
involving spray treatments. 

ZINC-LIME EXPERIMENT 

The zinc sulfate-lime experiment differed from the other two 
experiments reported in this paper. There was no prespray period. 
The 108 plants were paired at the beginning of the experiment; 54 
were sprayed with zinc-lime mixture and the remainder were used as 
controls. J'urthermore, the plants in temperature units 1 to 3 (76®, 
71®, and 65® F.) were harvested at different dates (22 days between 
the 76® and 65® F. lots). These differences in cutting dates interfere 
with close comparisons of temperature effects as measured by dry 
weights and total water expended divided by dry weights. However, 
the data permit the determination of the major effects of the several 
factors on transpiration during the 60-day period from November 23, 
x933, to January 22, 1934. 

The mean for the total water transpired was 33.5 liters for the 
sprayed plants and 33.9 liters for the unsprayed. The analysis of 
variance of the data on total water transpired during this period 

200684-41 - 3 
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(table 3) indicates that the application of zinc-lime spray had no 
effect. However, the differences due to temperature were very large; 
the effects of soil moisture and fertilizer were highly significant: 
and there were highly significant interactions for temperature X soil 
moisture, temperature X fertilizer, and soil moisture X fertilizer. 
There were no significant interactions involving spray treatment. 

Table 3. —Analysis of variance of data^ based on the total water transpired^ showing 
the effects of zinc-lime spray and environmental factors on the transpiration of 
5Ji spray and 54 control plants during the period Nov. 2S, 19S3y to Jan. 22^ 1934 
(60 days) 


Source of variance 

J )ogrces of 
freedom 

Mean sqtiarc 
for total water 
transpired 

Total. 

107 

1«4 88 

Between spray treatments (treated and control)_ . . 

1 

4.24 

Between temi:)eraturcs.. .. 

2 

1 7,541 90 

Between moistures. 

2 

J 725. (K) 

Between fertilizers__ . _ . . 

2 

»52 01 

Temperatures X moistures. . . . _ ... .. 

4 

1 109.42 

Temperatures X fertilizers__ _ -.. 

4 

> 20.11 

Moistures X fertilizers..... .... .. . 

4 

» 25 53 

Spray treatments X temperatures_ . - - . . . , 

2 

2 17 

Spray treatments X moistures__ _ 

2 

8 20 

Spray treatments X fertilizers. . .. 

2 

2 25 

Remainder interactions (error) __ _ . 

82 

4 32 


1 Significant by odds of more than 99 1. 

To show further the effects of zinc-lime spray mixture on the rate 
of transpiration of tomato plants, analysis of variance is given in 
table 4 for data on ^^water requirement^^ (ratio of total units (cubic 
centimeters) of water transpired to total units (grams) gain in dry 
weight of aerial part of plant). Tins table contains data relating to 
the high-temperature (76° F.) greenhouse unit only. The results 
showing the effects of spray in the other two units were in agreement 
with those in unit 1, Data from all three temperature units were not 
combined in a single analysis of variance because of the diffen^ncc's in 
stage of development accompanying different harvest dates. The 
mean water requirement for the sprayed plants was 581 cc. per gram 
of increase in dry weight, and for the control 612 cc., an insignificant 
difference. The effect of soil moisture on wat(»r requirement also was 
not significant in this experiment, but fertilizer had a very marked 
effect which was highly significant. If zinc-lime spray had influenced 
the rate of transpiration (see table 4), this effect probably would have 
been reflected in the water requirement data. 

Table 4. —Analysis of variance of data on water requirement showing the effects of 
zinc-lime mixture in the high-temperature unit (76° F.) 


Source of variance 


Degrees of Mean 
freedom square 


Total_____ 

Between spray treatments (test and control) 

Between moistures.. ..... 

Between fertilizers.. 

Total interactions... 

Spray treatments X moistures.. _ 

Spray treatments X fertilizers. 

Moistures X fertilizers. 

Remainder interactions... 


35 

4,667 

1 

8,311 

2 

6,793 

2 

> 32,866 

30 

2,524 

2 

3,691 

2 

1,610 

4 

3.464 

22 

2,338 


Significant by odds of more than 90:1. 




























Nov. 16 ,1940 E;ffect of Fungicides on Rate of Transpiration of Plaids 731 


BORDEAUX MIXTURE EXPERIMENT 

The results of the bordeaux mixture experiment are presented in 
table 5. They show the effects of the treatment on the transpiration 
ratio of tomato plants under the experimental conditions described. 
A variance analysis of T: C before and after spraying is given in 
table 6. The mean T: C for the first (prespray) period was 1.029; 
for the second (spray) period 1.010; and the mean for the ratio be¬ 
tween the two periods, 0.982. A hvpothetical mean of 1.000 would 
indicate no change; although the value 0.982 might suggest a depres¬ 
sion of the transpiration rate following spraying, the difference is not 
significant (table 6). 

Additional data show further that bordeaux mixture does not affect 
the rate of transpiration of mature tomato plants appreciably. The 
mean water transpired per plant during the spray period by the treated 
plants was 27.4 liters and by the control plants 27.3 liters. The mean 
dry weight of the treat'd plants was 82.4 gm. and that of the controls 
82.1 gm., the total water expended was 50.0 and 49.4 liters, respectively, 
and the mean water requirement 614 cc. and 610 cc., respectively. 

'J'able b.— Effect of bordeaux mixture on the iranspiration ratio of 9 pairs of sprayed 
and control plants^ Sept, 18 to Dec. i, 1934 (7'4 days) 


Transpiration ratio 



'IVinpoiatiin' ) 



1 







'T':fVlx?forc 

T C after 

Relative 

Ratio in- 





i spray 

spray 

increase > 

crease * 





If 1 (M.3 

\\ 1.022 

1 002 

0 961 1 

-0.041 

74 

. 



.961 

940 

- 061 





1 .945 

982 

I 039 

.037 





i .954 

1.061 

1 112 

107 

70 




1^ 963 

.958 

.i>95 

~ 005 




1 

1 1 086 

.917 

.844 

-.169 





1 1 164 

1.127 

968 

-.037 

fWi 




1 008 

1.025 

1 017 

.017 





1 1.079 

1.059 

.981 

- 020 


j T f ;; X'; c' oQiials n'latixp transpiration raU* 

i Absolute ineroasod transpiration ratios due to spray; minus sjpns indicate decrease 


Table 6. —Analysis of variance of data showing the effect of bordeaux spray on 
total water transpired^ dry weighty water requirementy and transpirolion ratio 
{T: C and V: Cy table 6) of plants 


SoiircK' of variance 

Degrees of 
freedom 

Mean square for— 

Total water | 
transpired 

Dry w'eight 
of plants 

Water re¬ 
quirement 

Transpira¬ 
tion ratio 

Total.... ...... 

Between spray treatments... . 

Between temperatures.. 

Spray treatments X terniieratures_ . 

Remainder (error)... 

17 

1 

2 

2 

12 

37.78 

1 65 

1 296.63 

6 84 

2 80 

68.92 

.35 

1 2 221 55 

i 24.69 

1 66.56 

1 

12,140 

61 

‘ 87,627 
3,697 
1,973 

0.004521 
.001643 
>. 014746 

1 .000038 

.003803 


> Significant by odds of more than 99:1. 
* Significant by odds of more than 19:1. 


In table 6 data are given showing the lack of significance of the effect 
of bordeaux mixture on the total water transpired, dry weight of the 
plants, and water requirement. However, temperature differences 
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had a highly significant effect on total water transpired and the water 
requirement, and a significant effect on the dry weight of the plants. 
It is of particular interest to note that there were no significant inter¬ 
actions of spray X temperature. 

Table 7 gives an analysis of variance of the data for the water 
transpired during the spray period and also during the prespray 
period. In each test period there was no significant difference in the 
quantity of water transpired between the two groups of plants (spray 
and control). Temperature, however, had a highly significant effect. 
These data on rate of transpiration further indicate that bordeaux 
mixture had no effect regardless of the method used in attempting 
to measure effect. 

Table 7. —Analysift of variance of data for total water transpired for the prespray 
and spray periods^ showing the effect of bordeaux spray and temperature 

Moan square for 

J )('jrrees of water tran&rnrcd— 

Source of vai lanee freedom __ 

I*respray Spray 
IH'nofl period 


Total.-. -- ---- ... 17 4 SI J7 2S 

Between spray treatments . - . ... 1 | 1 J»i .(M 

Between temperatures. .. . . . *2 , «m:!.*) 7H 

Spray treatments X temperatures. . . 2 1.22 2.2K 

Rem aindor (error). ... 1 12 i 1 17 1 4k 

» Significant by odtis of more than W : 1 

DISCUSSION 

The tomato plants used in all three experiments reported in tliis 
paper were healthy and free from all traces of parasitic or virus 
diseases. The three fungicides used were applied solely to determine 
their effects on rate of transpiration of the respective cultures. All 
the plants used were large and fruitful, with heavy thick leaves, and 
they showed a fairly large loss of water over daily periods. 

Miller (^3) and Childers (6) were apparently the first two investi¬ 
gators to attempt to determine the effect of bordeaux mixture on the 
rate of transpiration of mature tomato plants that were grown under 
conditions favorable to a high rate of transpiration. Both workers 
reported that bordeaux mixture either had no effect on or actually 
caused a reduction in the rate of transpiration. They did not attempt 
to determine the interaction between the effects of spray and other 
environmental variables (concurrently) on the rate of transpiration 
of their plants. The present studies confirm and extend the appli¬ 
cability of those results. 

In tables 1 and 2 data are given that indicate definitely that copper 
phosphate-bentonite-lime mixture, when applied as a fungicide, 
caused a highly significant increase in the rate of transpiration of 
mature plants. This definite increase in rate of water expenditure 
occurred regardless of how the increase was calculated. It is of 
social interest that there was no significant interaction between 
effect of spray and the other environmental variants. The response 
to spraying was consistent regardless of the cultural conditions. The 
data on total water transpired and water requirement basis also 
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indicated a definite increase in water utilization after the application 
of copper phosphate-bentonite spray. It has not been determined 
whether copper phosphate or bentonite or both substances were 
responsible for the results observed. 

Very little is known about the effects of bentonite. This fact 
should be kept in mind before too definite conclusions are attempted 
with reference to the effect of copper phosphate on transpiration. 
The zinc-lime and bordeaux mixtures did not contain bentonite. 

SUMMARY 

In this report data are presented that show the effect of copper 
phosphate-bentonite-lime, zinc-lime, and bordeaux mixture on the 
rate of transpiration of large, fruiting tomato plants (Lycopersicon 
esculentum Mill.). Extensive data are also presented which show 
the lack of interaction of these fungicides under widely different 
environmental conditions on the rate of transpiration of tomato 
plants, and indicate that environment does not influence the effect 
of the spray mixtures on the transpiration. 

Copper phosphate-bentonite-lime, applied as a fungicide, caused 
a significant increase in the rate of transpiration of mature tomato 
plants. 

Zinc-lime and bordeaux mixture had no significant effect on the 
rate of transpiration under the experimental conditions reported. 

Added increments of soil nitrogen, reduced soil moisture, and 
reduced air temperature all caused a marked reduction in rate of 
transpiration. 
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THE CHLOROFORM-SOLUBLE COMPONENTS OF BEET 
LEAFHOPPERS AS AN INDICATION OF THE DISTANCE 
THEY MOVE IN THE SPRING^ 

By Robert A. Fulton, associate entomologist^ and Van E. Romney, assistant en^ 
tomologistf Division of Truck Crop and Garden Insect Investigations^ Bureau of 
Entomology and Plant Quarantine^ United States Department of Agriculture 

INTRODUCTION 

Determination of the spring breeding areas from which beet leaf- 
hoppers {Eutettix tenellus (Bak.)) found in a cultivated district have 
come has presented a difficult problem. The most common method 
has been to make sweep-net collections from host plants at points 
between the infested territory and the suspected breeding areas.^ 
Various types of traps ^ ^ have also been used with fair success. The 
sex ratio of adults has proved useful in some localities, since female 
leafhoppers have been found to move farther from their breeding 
source than do males.® More recently the amount of reserve energy 
of the beet leafliopper, as measured by its chloroform-soluble compo¬ 
nents, has been studied by a method developed by the senior author; ® 
and determinations on leafhoppers collected at various points along 
dispersal routes indicate that these components decrease during flight, 
and may therefore be used as a measure of the distance the leafhoppers 
have traveled from their breeding source. 

This paper reports studies of the chloroform extractives of female 
beet leafhoppers following dispersals from the Colorado River drain¬ 
age northeastward into western Utah in 1932 and from southern 
Arizona to Grand Valley, Colo., in 1933, both representing long-dis¬ 
tance dispersals, and following a dispersal in southern Idaho in 1932, 
1933, and 1934, representing more localized movements. 

EXPERIMENTAL PROCEDURE 

The insects were collected along the suspected routes by means of a 
sweep net, and were immediately killed with calcium cyanide. They 
were then placed between pieces of crepe paper in small pill boxes and 
shipped to the laboratory, whore the sexes wore separated and the 
females analyzed for chloroform-extractive content. Three determi¬ 
nations were made on each sample except in two instances, when the 
sample was too small and only two determinations could be made. 

> Received for publication June 11,1940. The senior author is now chemist in the Division of Insecti¬ 
cide InyCvStigations. 
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PESERT. Jour. Econ. Ent 30:-J>48-954, Ulus. 1937. 

3 Fulton, F. R., and Champerlin, Joseph C. a new automatic insect trap for the study of 
INSECT DISPERSION AND FLIGHT ASSOCIATIONS. Jour. Econ. Ent. 24: 767-761, illus 1931 

* Barnes, Dwiqut F., Fisher, Charles K., and Kaloostian, Georoe H. flight hapits of the 
RAISIN MOTH AND OTHER INSECTS ASs-lNDICATBD PT THE USE OF A ROTARY NET. JOUT. ECOn. Ent. 32’ 869-863, 
Ulus. 1939. A trap devised by F. R. Lawson and J. C. Chamberlin is described. 

* Severin, Henry H. P. life-history of peet leafhopper, eutettix tenellus (paper), in Cali¬ 
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LONG-DISTANCE MOVEMENTS 

In 1932 beet leaflioppers were collected at various points in western 
Utah between St. George and Nephi, a distance of 206 miles (fig. 1).^ 
St. George is at the extreme northern limit of the Nevada-Utah breed¬ 
ing area, and the other collections were made in areas infested by 
movement from this area. These collections were made May 17-19, 
shortly after a dispersal had taken place. It has been observed that 
no increase in chloroform extractives can be detected for 5 to 7 days 



after a dispersal. The sweep-net collections and the average chloro¬ 
form-extractive contents, together with the distances from Las 
Vegas, Nev., a convenient point within the breeding area, are given 
in table 1. 

Both the sweep-net collections and the chloroform extractives were 
in general greatest near the breeding area, and decreased progressively 
with tlie distance from the source. Collections 6 and 7 did not follow 
this trend, however, possibly because additional energy was required 

f These data were collected by E. W. Davis, and the dispersal route is that shown by Dorst and Davis (see 
footnote 2). 
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in entering the valley over surrounding high mountains, or because 
many of the leaflioppers came from a more distant source or by a less 
direct route. The chloroform extractives of leaflioppers within the 
Utah, Nevada breeding area ranged between 38 and 46 percent; 
therefore, these determinations indicate that the source of these 
leaflioppers was quite distant. 


Table 1. — Sweep-net collections and the chloroform extractives of beet leafhoppers 
within the Nevada-Utah breeding area, and at various distances from this area. 
May 1719, 19S2 


Collection No, 

liocality (Utah) 

Airline 
distance 
from Las 

Mean leafhopiiers 
per 100 sweeps 

Chloro¬ 

form 



Vegas, 

Nev. 

Adults 

Nymphs 

extrac¬ 

tives 

1. 

St. Oeoree.. . 

Miles 

no 

Number 

50.0 

I Number 
28.0 

Percent 

38.4 

2... 

Cedar City... 

158 

39.0 

0 

22.8 

3.. 

Milford. 

200 

46.0 

0 

14.9 

4_ 

Beaver .. 

206 

18 0 

0 

15.7 

T) .. - . 

Cove Fort--__ ___ 

222 

12.0 

0 

14.1 

«.. 

Sevier... 

238 

22.7 

0 

8.7 

7. .. 

Richfield. 

252 

5.0 

0 

9.3 

8.. . 

Fillmore.. 

255 

10.5 

0 

13.1 

9. 

Lynndyl.... 

286 

11.0 

0 

11.1 

10 .. 

Fayette. 

288 

2 0 

0 

10.6 

11. 

Nephi..... 

315 

i 

4 0 

0 

8.9 


In 1933 another set of samples for extraction was taken along a 
route b(‘tween south(*rn Arizona and the Grand yalle3r of Colorado 
(fig. 2), where survey work the jirevious year had given indications of 
Icafhopper movements. At points along this route 18 collections 
were made from April 24 to 29, as soon as the first insects dispersed 
had reached the more northern points. The sweep-net and chloro¬ 
form-extractives data for these collections arc given in table 2.® The 
approximate distances were measured from Phoenix, Ariz., a con¬ 
venient point in the breeding area. 


Table 2.- Sweep-net collections and the chloroform extractives of beet leafhoppers 
within the southern Arizona breeding areas and at intermediate points toward 
Grand Valley, Colo., April 21^-29, 19SS 


C'ollwtion 

Locality 

Airline 

distance 

from 

Mean leafhoppers 
per 100 sweeps 

Chloro¬ 

form 

No. 


Phoenix, 

Ariz 

Adults 

Nymphs 

extrac¬ 

tives 



Milts 

Number 

Number 

Percent 

1. 

Marinette, Ariz... 

15 

520.0 

20.0 

41.5 

2_ 

4 miles southeast of Wittmann, Ariz_ . .. .. 

35 

156 0 

24.0 

42.4 

3 

MornstowiifAriz . -.. 

43 

8 3 

3.0 

46.3 

4. 

2.4 miles south of Wickenburg, Ariz. 

52 

68.0 

28.0 

39.5 

5. „ 

3 2 miles south of Faulden, Ariz.. 

105 

82.4 

0 

28.4 

6.1 

Ashfork, Ariz____ 

130 

24.8 

0 

29.4 

7.1 

Seligman, Ariz... 

145 

2.5 

0 

28.9 

8. 

2.8 miles southwest of Tuba City, Ariz--. 

205 

30.4 

0 

27.6 

9 . 

6.2 miles south of Cedar Ridge, Ariz. 

215 

29.6 

0 

25.5 

10-.. 

17.7 miles northeast of Tuba City, Ariz.. . 

217 

10.4 

0 

26.3 

11. 

Tonalea, Ariz... 

222 

20.8 

0 I 

25.7 

12. 

Kayenta, Ariz. . .... 

255 

6.4 

0 

24.8 

13. 

2.2 miles northeast of Mexican Hat, Utah. 

300 

4.8 

0 

23.1 

14.. 

Blending, Utah__ 

335 

4.0 

0 i 

22.6 

16. 

Notum, Utah. 

350 

.6 

0 

19.6 

16. 

Hanksville, Utah...—. 

362 

1.3 1 

0 

17.8 

17. 

6.5 miles east of Thompsons, Utah. 

415 

2.0 

0 

15.4 

18. 

Grand Valley, Colo. 

450 j 

.7 

0 

6.6 


a Some of the data shown in table 2 were collected by W. A. Shands, who was at that time in charge of the 
Grand Junction, Colo., field laboratory of this Bureau. 
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The first four collections were made on different host plants within 
the breeding source, and the average chloroform-extractive content 
was 42.4 percent. Between collections 6 and 17 there was a fairly 
regular decrease in chloroform extractives with the increase in the 
distance from the breeding source. Collection 18 seems to be low, 



Figure 2. —Location of collections of beet leafhoppors taken along the (Colorado 
drainage route during April 1933. Numbers refer to collection points designated 
in table 2. 


since the drop from 15.4 to 6.6 percent in extractives within a distance 
of 35 miles seems out of line. Collections 6 to 18 also indicate in a 
general way that the leaflioppcrs decrease in number as the distance 
From the breeding source increases, although the sweep-net data are 
not nearly so consistent as those for the chloroform extractives. 
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LOCALIZED MOVEMENTS 

In southern Idaho the cultivated beet districts have been con¬ 
sidered to be infested with leafhoppers from adjacent breeding areas,* 
and this belief has been substantiated by a study of the chloroform 
extractives of females collected immediately after dispersals into these 
cultivated districts over a 3-year period. The data for 1932 in table 3 
show the extractives of females from 4 points within the breeding area 
and from 17 infested beet fields in the Twin Falls-Jerome district 
(fig. 3). The closeness between the figures for the breeding areas and 
the beet fields indicates that the local breeding areas were responsible 



Fkjure 3. —Maj) of soutli-central Idaho showing towns near which collections 
were made in the desert breeding areas and in the beet fields. 


for leafhoppers found in the southern Idaho beet fields following 
this movement. 

The studies were repealed in the spring of 1933, collections being 
made at various localities in the w'estern breeding areas, extending 
from Wendell to Glenns Ferry, Idaho, and also from the beet fields 
throughout the west end of the cultivated section. Collections in 
the east end were not taken at this time, inasmuch as the dispersing 
leafhoppers were extremely scarce and had not been detected oast of 
Filer. The collections from the beet fields (Castleford, Buhl, and 
Wendell) were made as soon as the first influx of leafhoppers was 
detected (Juno 7-10). The results of the determinations are shown 


» Annani), P. N., Ciiampkplin, J. C., Hendepson, C. F., and Waters, H. A. movements op the 
BEET LSAPHOn SK IN 1980 IN SOUTHERN IDAHO. U. S. Dept. Agr. Cir. 244, 24 pp., illus. 1932. 
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in table 3. The slight decrease in chloroform-extractive content of 
the leafhoppors collected in the beet fields indicates a very near 
source for the 1933 infestation. 

Table 3. —Chloroform extractives of female beet leafhoppers collected shortly 
after the main influx into the heet-grounng district in southern Idaho in 1932, 
iOSS, and 19SJ, 


Location of collection 


In Breedino Area 

2 miles south 1 mile west of Hagerman .. 

Thousand Springs.-.- -. 

5.5 miles south of Thousand Springs . 

4 miles north 7 miles west of Hollister.-- - 

1 mile west of H ammett.... 

2 miles east of Hammett.. 

(ilenns Ferry.. ... . 

2.2 miles west of Glenns Ferry. 

3 miles oast of Glenns Ferry... 

1 mile north 7 miles west of Oastleford- 

7 miles west of Castleford__ 

1 mile south 4 miles west of Bliss. 

Bliss. -... 

Average... 

In Beet Fields 

1 mile south 1 mile west of Castleford_ . 

3 miles south of Castleford. 

4 mile.s south U mile west of Castleford .. 

5 miles east of Castleford.. . .. 

] mile east of Buhl.. 

1 5 miles east of Buhl ... 

4.5 miles east of Buhl.... 

3 miles north of Buhl. 

2 miles south 4 miles west of Twin Falls.. . 

2 miles west 2 miles north of Twin Falls .. 

4 miles west of Twin Falls .. _ . 

Eden... ..._ 

2 miles south 1 mile west of Burley_ 

2 miles we.st of Jerome _ _ . 

4 miles north 2 miles east of Jerome . _ . 

4 miles west 2 miles south of Jerome_ 

4.5 miles west of Jerome_ . - . 

0.5 mile north of Paul. ... 

4 miles oast 2 miles .south of Jerome . 

8 miles north of Oakley.. . 

1 mile west 2 miles north of Oakley 
1 mile south 2.5 miles cast of Wendell 

1 mile south 3 miles west of Wendidl . 

2 miles south Vi mile we.st of Gooding. 

2 miles cast 2M miles south of Jerome . 

5 miles south 3 miles east of Buhl. . . 

0.5 mile north of Filer. 

Average... 



(Chloroform extractives from 
collections 


1932 

1933 

J934 


Percent 

Percent 

Percent 


38.« 

_ 


_ 

38 4 


20 3 


38 5 




38.4 






29 9 



34.7 





20.4 



35.1 

2fl 1 



34.6 





26,3 



35.0 




35 3 


... 



21 9 


38 5 

35 1 

25 7 










38 4 




38 4 






17 1 


38.3 








! ' 38.5 

33 5 j 



1 38 3 




38 2 

37 7 

38 0 
37 7 

33*9 



3f> 9 

' 


* 

37 4 

i *31.2! 

18 9 


38 3 

33 7 i 



38 4 
37 5 




37 2 




38.2 




37.9 

_ 





19.0 



3t 1 



' 


21 4 



... 

1 17 8 

1 

i _ __ 


! 17. .3 

1 



I 10 9 


38 0 1 

33 9 

> 18 4 


Collections from Thousand Springs to Hammett and also from the 
western section of the beet-growing district were studied in the spring 
of 1934. These collections were made on May 10-11, about 2 weeks 
after the beginning of the movement and prior to its peak. The 
chloroform extractives found in these leafhoppers are given in table 
3. The same relationship between the extractive content of leaf¬ 
hoppers taken in the breeding area and that of leaflioppers in the beet 
fields was maintained in that year, but both were decidedly lower than 
in 1932 and 1933. Either host-plant conditions or some unknown 
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factors caused the leafhoppers in the breeding area to have a compara¬ 
tively low extractive content, or leafhoppers from a more distant 
source infested both the breeding areas and the beet fields. 

CONCLUSION 

There appears to be a steady reduction in the chloroform-soluble 
material of the leafhoppers as they move along an extended migration 
route away from the breeding area, but only a small variation where 
localized or short-distance flights occur. It seems possible, therefore, 
by extraction of individuals collected over sufficient area during a 
flight of insects to determine whether it is a local or a long-distance 
dispersion. 

SUMMARY 

The chloroform-soluble components of the beet leafhopper {Eviettiz 
teneUm (Bak.)) have been studied as a means of determining the 
distance leafhoppers found in cultivated fields have traveled from 
their breeding source. The beet leafhoppers were collected at various 
points along dispersal routes and analyzed by a method developed by 
the senior author. 

In 1932 the collections were made along a known long-distance 
dispersal route from the Colorado River drainage in Nevada north¬ 
eastward into western Utah, and in 1933 along another suspected 
route from soutliern Arizona to Grand Valley, Colo. In 1932, 1933, 
and 1934 collections were also made in southern Idaho, where more 
localized movements were suspected. 

Along the first route the percentage of total extractives decreased 
from 38.4 in leaflioppers taken at the point nearest the breeding 
source to 8.9 in leafhoppers taken at the farthest point, 205 miles 
away, and along the second route the percentage decreased from 39.5 
to 6.6 over a distance of 398 miles. In southern Idaho the chloroform 
extractives of leafhoppers collected in the breeding areas were 38.5, 
35.1, and 25.7 percent for the 3 years, respectively, as compared with 
38.0, 33.9, and 18.4 percent in the beet fields. The closeness of the 
figures for the two areas indicates that the beet-growing districts of 
southern Idaho arc infested principally from adjacent breeding 
grounds. 

The chloroform extractives show a more consistent decrease as 
distance from the breeding source increases than do sweep-net counts 
of the insects, although the data corroborate each other. It seems 
possible, therefore, to distinguish between long-distance and local 
dispersions by determining tlie. chlorofonn extractives of the leaf¬ 
hoppers collected along the known or suspected dispersal routes. 




INHERITANCE OF SEED-COAT COLOR IN PEANUTS ^ 


By B. B. Higgins 

Botanist^ Georgia Agricultural Experiment Station 

INTRODUCTION 

The principal seed-coat colors in the peanut (Arachis hypogctea L.) 
are due to water-soluble pigment or pigments, and the colors fade 
rapidly from mature peanuts left in moist soil and more slowly from 
those in dry storage. Frequently, seed from a single plant may show 
a wide range in intensity or shade of color because of fading and 
differences in stage of maturity; so that much confusion in regard to 
color nomenclature is found in the literature. 


MATERIALS AND METHODS 

The present discussion is based upon records of general characteris¬ 
tics of some 85 variestics and strains and of hybrid stocks developed 
from crosses among 16 of these varieties. In recording testa color, 
the color standards of Society Francaise des Chrysanth^mistes (4)^ 
have been found most convenient, as the relationship of the various 
tones and shades could be demonstrated. By the use of these stand¬ 
ards the testa colors of th(‘ varieties and strains were separated readily 
into three color groups, red, flesh, and white. However, a pure self¬ 
color is rare in the harvested seed of any variety. 

In the flesh-colored varieties the base color is usually salmon flesh, 
but it may vary from pale flesh to dark flesh. Usually pale reddish- 
lilac markings are found about the hilum end and along the veins and 
may spread as a flush over a large part of the seed, as it does typically 
in the Virginia Runner and the Virginia Bunch varieties. Occasion¬ 
ally, a violet flusli may show about the tips of a few seeds or, rarely, 
may sprtuid over the entire surface. This violet flush is most common 
on the s(»e(l from small pods, “nubbins’^ of the shellers, produced in 
the crown of tlu^ plant and more or less exposed to light. This 
exposure may account for the unusual pigmentation. 

Of the varieties commonly grown in this country, the Spanish, 
North Carolina Runner (Ahican), Virginia Runner, and Virginia 
Bunch are classed as “flesh^^ in the writer’s grouping. Hull found 
a genetic difference between the ‘^russet” of Virginia Bunch and the 
“tan” of a Spanish strain. There are various shades of flesh, when 
compared with color standards, within the Spanish variety; but all 
appear to segregate similarly when crossed with a variety from the 
red or white color group, intensity of flesh color and the reddish- 
lilac flush about the tip are undoubtedly inherited characteristics; 
but the genetic factors producing them appear to be separate from the 
factors responsible for the base color, and for the puipose of color 
grouping all these various shades are here classed as flesh. 

> Rowlvod for publication March 7, rMO. rai;>er No. 70, Journal Scric?, Gcorpia AcricuUural ExiH'd- 
incnt Station. 

3 Italic numbers in parentheses refer to Literature Cited, p. 752. 
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The reds place typically about salmon lilac or Indian lake of the color 
standards; but seed from a single plant may range from pale reddish 
lilac through reddish lilac, salmon lilac, or Indian lake to vinous 
purple or even slate violet. When mature red seed are wet, the color 
usually fades to slate violet. In a few hybrid strains the color is 
typically slate violet, but these are classed with the reds because this 
color appears to be common to all red varieties. Vinous purple 
appears to bear the same relation to red seed as does violet to flesh 
colored. The purple is most pronounced about the hilum tip, appar- 
entlv the result of a mixture of violet and red pigments. Neither 
in tne writer^s variety collection nor among his hybrid stocks have 
any been found in which all seeds were vinous purple. 

ratel, John, and Seshadri {5) have recently reported the genetics of 
several seed-coat colors, including a “dark purple^' as found in the 
Corientes-3 variety. They found purple testa dominant to red, 
“rose” (flesh), anci white; that CorienteS“3 carries the factor for 
“rose”; and that “rose” is necessary for the expression of purple. 
This variety is not included in the writer’s collection. 

The variety collection used in the present study includes only two 
white-seeded varieties: Philippine Wliite, with greenish-white seed 
coats which weather to yellowish-white; and the Pearl variety, with 
seed coats usually “lilacy” white, also weathering to yellowish-white. 
Among the white-seeded hybrid strains the colors range through 
snow white, sky-colored white, purplish-tinted white, “lilacy” white, 
milk-white, yellowish-white, greenish-white, and fleshy-white. The 
last-named may sometimes, by casual observation, be classed as pale 
flesh, but otherwise the whites are easily separated from the other 
color groups. 

The Pearl variety came to the writer in 1931 in a collection of 
peanut varieties from a commercial firm with the notation that it was 
obtained from a farmer near Opelika, Ala. The vine type resembles 
the Spanish variety very closely, but certain characteristics suggest 
those of the Valencia variety, which is grown to somo extent through¬ 
out the South, principally as a roasting nut for home consumption. 
The characteristics of the Pearl variety suggest that it may have* 
originated as a chance cross between the Valencia and the Spanish 
varieties. So far the writer has been unable to trace the variety to its 
original source, and any statement as to origin must be acc(»pted as a 
tentative guess. 

EXPERIMENTAL RESULTS 

The results obtained from crossing the Philippine White variety 
with three varieties (Spanish, Virginia Runner, and North (Carolina 
Runner) having flesh-colored testa are shown in tabh* 1. The genetic 
constitution of the varieties with flesh-colored testa arc indicated by 
F]FiF 2 F 2 and that of Philippine White hy ffj 2 f 2 - Ii^ all three crosses 
the seed of Fi plants was flesh and that of F 2 flesh and white in a 
15:1 ratio. These results indicate that the three flesh-colored varieties 
have duplicate genes for flesh color and thus confirm the results re¬ 
ported by Patel, Jolm, and Seshadri (5) from crosses (Philippine 
White X Saloum and Philippine White X Gudiyattam) involving the 
same colors. 
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Table 1. —Inheritance of flesh-colored testa 


Parents 

F 2 phenotypes > 

X* 

P 

\ 

Flesh 

FiFtFtF2 

|:| 

I 

; I 
1 ! 

Spanish, I. W. X Philippine White: 

Fle»h 

White 



Observed distribution.... 

73 

5 



Expected 15:1 ratio.. . 

73 

5 

0.()034 

0.95+ 

Virginia Runner X Philippine White: 





Observed distribution.-.—. 

61 

5 



Expected 151 ratio.... 

62 

4 

.1980 

.7- 

North Carolina Runner X Philippine White: 





Observed distribution.-_____ 

43 

2 



Expected 16:1 ratio... 

42 

3 

.2504 

”".'7- 

Total observed..-.-. 

177 

12 



Expected 15:1 ratio. 

177 

12 

.0032 

.95+ 


' Fi phenotype, all flush. 


The results obtained from crosses involving three varieties with 
red and seven with flesh-colored testa are shown in table 2. In every 
case red is dominant to flesh, with a single factor difference, confirm¬ 
ing results reported by Van der Stok (6), Hayes (1), Stokes and Hull 
(7), and Patel and his coworkers (5).® The results arc given here 
principally for comparison with crosses involving Pearl. 

Table 2. - Inheritance of red testa 


Parents 

Fi phenotypes > 

X* 

P 

1 ! 

Red Flesh 1 

liRFiFiFiFi 1 TTFiFiFiFi j 

Red 

Fle-^h 

Tennessee Red X Virginia Runner: 1 





Observed distribution... . . i 

28 

9 



Exjiected 3 l ratio. 

28 

9 

0.0090 

0.9+ 

'rennas.soe Red X Virginia Bunch: 





Observed distribution. . 

38 

14 

... 


Exiieeted 3.1 ratio. . 

39 

13 

.1026 

.7+ 

Tennessee Rod X North Carolina Runner- 





Observed distribution. 

m 

32 

_ 


Exiiected 3:1 ratio., _ 

tM’i 

32 

00(M> 

1.0 

'I'ennessexi Red X West African* 





Observed distribution__ . 

54 

18 



Expected 3:1 ratio.- - — , 

54 

18 

.(KKX) 

1 0 

'I'ennessee Red X Smnish, I. W.: 





Observed distribution. . -.; 

68 

20 


. 

Expected 3:1 ratio_ 

m 

22 

.2424 

.7- 

Kiinorales X Bpanisb, No. 167: 





Observed distribution.... 

96 ! 

26 


- -,. 

Expected 3:1 ratio... . - - -. 

92 ! 

30 

.8852 

.3+ 

Kiniorales X Java P. L.: 





Observed distribution. . .— 

90 

33 

____ 

_ 

Expected 3.1 ratio...- -.. - — 

92 

31 

.2195 

.7- 

Valencia X H210* 





Observed distribution.. . - 

18 

7 

__ 

- .. 

Expected 3.1 ratio. . . .. . . 

19 

6 

.1200 

.7+ 

Total observed distribution .. 

488 

159 



Expected 3:1 ratio. 

485 

”16^ 

.0624 

.8+ 


• Fi phenotype, all rod, 

5 Also V. K. Badami In unpublished thesis, Cambridge University, to which reference was made by 
Hunter and lACake (5, pp. 33&-*34l). 
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Ill every cross involving the Pearl variety, except certain back- 
crosses, the Fj seeds have red testa. Results from all crosses shown 
in table 3 indicate that Pearl carries factors for both red and flesh 
pigments but either lacks factors for expression of color or carries 
factors that inhibit the development of color. Until we know more 
about the chemical nature of peanut pigments, it would seem most 
logical to assume the absence of factors for development of color. 
With this assumption we must postidate two factors to explain the 
15:1 ratio of reds and whites observed in the crosses Pearl X Tennessee 
Red and Pearl X Small Japan; whereas the 3:1 ratio obtained in the 
cross Pearl X Valencia would indicate a single factor difference and 
that the Valencia variety lacks one factor for development of color. 


Table 3. —Inheritance of testa color in crosses involving the Pearl variety 



F 2 phenotypes i 



Parents (\ariety, comiwsition, and testa color) 





P 

Red 

Flesh 

White 

X* 



Pearl RRFiFiFiFMxdidi (white) X Philippine i 
White rr/i/i/ 2 / 2 i)iZ>iD 2 D 2 (white): 

Observed distribution... 






98 

10 

6 



Expected fi7f>. 22.'i: 124 ratio ..: 

79 

20 

U 

15 0121 

0 01 - 

Expected 720:226:79 ratio. 

Ve&tlJRRFiFiFiFjdidididiiw'hite) X Virginia Runner 1 

84 

20 

9 

8 2973 

02~ 

TTF\F\F 2 F%lhI>\T)Wi (flesh) 






Observed distribution... 

338 

89 

20 



Expected 46:15:4 ratio. 

Pearl JiRFiFiFiFMtdjdi (white) X North Carolina 

319 

100 

28 

4 16410 

1 + 

Runner rrFiFiFiFiRiDiDzDi (fle.sh). 






Observed distribution.- 

m 

108 

29 



Expected 46.15’4 ratio. 

m 

118 

31 

i 4489 

1 ' 

Total observed distribution.. 

704 

197 

66 


... 

J^xpccted 46:16:4 ratio . .. j 

(i72 

224 

00 

6 1.630 


Pearl RFFiF\FiF 2 didid 2 dt (whit(’) X Tenncs.s(*e Retl 

_i 

1 ” 




HRFiFiF 2 F 2 DiDM )2 (red) 






Observed distribution.- - . 

1 44 


3 



Expected 16:1 ratio_ 

Pearl RTiF\F\F 2 FM\d'id 2 (white) X Small Japan 
riRF\F\F 2 F 2 D\D\D 2 D 2 (red): 

Observed distribution . .. . 

41 


3 

.0016 

95+ 

401 


33 



Expected 16:1 ratio... 

Pearl IiRFiF}F3Fidtd\d2d2 (white) X Valencia RHF\- 

407 


27 

1 3573 

2+ 

FiFtFiDiDid^i (red): 






Observed distribution.. _ ... _ 

42 


10 



Expected 3:1 ratio. 

i 44 

1 

14 

1 

' .2009 

' ** 7- 

1 


1 F\ phenotype, all red. 


From the results obtained in crossing Philippine' While with seiveral 
other varieties, including those with purple, rod, and “rose” (flesh) 
seed coats, Patel et al. (5) reached the conclusion that the Philippine 
White variety carries no factor for seed coat color; also that the pres¬ 
ence of “rose” (flesh) pigment is necessary for the expression of either 
red or purple color. The results from crossing this variety with 
Pearl are, therefore*, of special interest. In the crosses PearlX Philip¬ 
pine White and reciprocal, the* testa of the zygote is white, the shade 
of the pistillate parent, that of seed from F, plants is red, Indian lake* 
to vinous purple, and that from F 2 seed red, flesh, and white. Whiles 
the Philippine Wliite variety lacks both red and flesh pigment, it 










Nov. 16 ,1940 Inheritance oj Seed-Coat Color in Peanuts 749 

does, apparently, carry factors for development of color, and we may 
express the genetic constitution as rr/,/,/^ 2 ^^i^^iAA and that of tin* 
Pearl variety as BRFiFiF 2 F 2 dididzd 2 - Assuming th(^ presence of a 
flesh factor necessary for expression of red, the expected ratio would be 
675:225:124, red, flesh, and white, respectively. If flesh pigment is 
not necessary for the expression of red, the ratio would be 720:225:79. 
The observed ratio agrees somewhat better with the latter assumption, 
yet other evidence for the assumption that flesh is necessary for the 
development of red color is so strong that it seems safer to explain 
otherwise the poor agreement of the observed with the expected ratio. 

The total number of progenies observed is too small to give a very 
close approximation of the expected ratio when so many factors are 
involved. Furthermore, the Philippine White variet;f produces, at 
least under the conditions of the present study, a very high percentage 
of chaffy, non viable seed. In the hybrid stocks this characteristic is 
accentuated, many plants producing no seed at all. A lethal (albino) 
factor is also involved in this cross, but the records do not justify any 
attempt to correlate this factor with the ratios obtained. However, 
the fact that reds are in excess in this cross and also in the cross 
PearlXVirginia Runner suggests the possible correlation of lack of 
pigment with unfruitfulness and with nonviability of seed. 

In the Fz and succeeding generations various red phenotypes were 
observed, producing all red, red and flesh, red and white, and red, 
flesh, and white in various ratios; hut the number of Fz families was 
too small to include all genotypes. The flesh bred true or gave flesh 
and white. The whites always bred true. 

If the assumed genetic constitution of the Pearl and the Philippine 
White varieties is correct, we should expect two classes of whites in the 
Fz and succeeding progenies; i. e,, those with factors for pigmentation 
but. lacking factors for development of color and those lacking factors 
for pigment. 

Results obtained with one red-seeded Fz selection, H220-~13, from 
this cross indicates the presence of the two classes of whites and also 
gives very substantial evidence that the presence of the flesh pigment 
factor is nect'ssary for development of red color. In this selection the 
seed of the F 2 plant was red. In the F 3 , 48 plants produced red seed 
and 18 produced white, none flesh. Plants from each of the white 
sibs were backcrossed to Pearl and the sam(‘ plants crossed also with 
North Carolina Runner. Unfortunately, mice destroyed many of 
the seeds before maturity. However, seed was obtained from 13 sibs 
with Pearl and from 9 with North Carolina Runner. All the crosses 
with North Carolina Runner produced red seed in the Fi generation, 
indicating that all these whites carried the factor for red pigment. 
Eight of the 13 sibs when crossed with Pearl also produced one or more 
Fi plants with red seed, indicating that they carried at least one 
factor for development of color. 

From the assumed genetic constitution of the parents there are 
three possible genotypes that would approximate the 48 red and 18 
white segrega tion of H220-~13. 



750 


Journal of AgricuUural Research 


Vol. M, No. 10 


[ RRFiFiF2p*2l^i^i^2(i2 

or 

\RRF \F ^F^F 
[ RRF ifiF^iDidid 2 d 2 
2 or 

[RRF \S\F2f2d1d\D2d2 

RRF]f]f 4/2 jD2C?2 

3] or 

RRflflF2f2^ldl ^)2C?2 
Observed distribution. 

Expected 3:1 ratio_ 

Expected 45:19 ratio. . 


Red 

3 

White 

1 

all whites like Pearl. 

[45 

19 

3 whites not like Pearl. 

or 
i 3 

1 

assuming red indepen¬ 

[45 

19 

dent of flesh. 

15 whites not like Pearl. 

or 

[15 

1 

assuming red indepen¬ 
dent. 

4$ 

18 

^2 p 

49.5 

16. 5 

0. 1818 0. 7- 

4(). 4 

19.6 

. 1901 .7- 


The observed ratio is evidently not near 15: 1 under proposition 3. 
The 3:1 ratio gives a slightly lower value than the 45:19 ratio, 
but in both cases where the 3:1 ratio is obtained all the whites are 
like Pearl, lacking factors for expression of color, and could not give 
red testa when crossed with Pearl. Since all produced red seed coats 
when crossed with North Carolina Runner and more than half of the 
sibs gave red when crossed with Pearl, we arc forced to the assumption 
that the factor for red was present in all but in some the color did not 
develop because of the absence of the developer factor and in others 
because of the absence of flesh pigment. The results also indicate that 
presence of the flesh factor is necessary for expression of red color and 
that the genetic constitution of H220-13 was either RRF^iiizUDidiD^ih 
or RRfifiF^ 2 Didir) 2 d 2 - 

In the crosses between Pearl and the varieties with fl(^sh sc^ed coats 
the above white genotype lacking factors for flesh pigment would not 
be obtained. All whites would be homozygous for flesh pigment, and 
three fourths would have the factor for red; but all would lack factors 
for color development. Along with the above s(»ries of crosses seven 
white-seeded selections from tlic cross Pearl X Virginia Runner wer(^ 
backcrossed to Pearl and four of these were also crossed with North 
Carolina Runner. In all seven crosses with Pearl the Fi progenies 
produced white seed and all four crossed with North Carolina Runner 
produced red seed in Fj, indicating that the selections were of the 
Pearl genotype. 

Records of seed-coat color were obtained for 118 F^ families from tlu^ 
Pearl X Virginia Runner and Pearl X North Carolina Runner crosses. 
As shown in table 4, this number apparently included all possible 
genotypes. Approximately half the recorded famili(*s were selected 
because of resistance to disease, high yield, and other characteristics 
desirable for a peanut variety. For this reason, there was conscious 
preference for strains with flesh-colored seed coats; yet the observed 
distribution of families among the various genotypes is in fairly closer 
agreement with the expected: x^=ll-2149, P~0.3. 
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Table 4. —genotyjfes avd Fz diatribyiion of phenotypes from crosses Pearl X 
Virginia Runner and Pearl X North Carolina Runner 


Fi genotypcis 


RRF\F\ FtFiDi J)\ JHDi 
RRFiFi FtFiDxDxIhii . 
RRFxFxF%FiDidxJhDi 
RRFxFxF: F2DxDxdid9,. 
RRFx Fx FiF A xdxJhDi .. 

RRFxFxFzFiDxdxDAi— 


RRFxFxFiFzDxdxdAi . 

RRFxFxFtFAxdxVAt .- 

Rr Fx F\ Fi F%DiDx I^Da. 

RrFxFxFiFiDxDxDudi . 

RrFxFiFiDxDxdAi . 

RrFx Fx FiFjdxdx Ihlh .. 

RTFxF\FiF2DxdxDA2 .-.. 

RTF\FxF2F2D\dxdA2-- - _ - 

RtFx Fx F2FAxdxDA2 . 

rrFxFxF2F2DxDxJD2l)2 __ 

ff f’lFiFaFjXliDiDjdj, _ _ 

rrFxFxFiFiFxdx D 2 D 2 . 

rrFxFxFtFiDxDidAi _ _ 

rTFxFxF2FA\dxIhIh .. 

frFiFiFaFaJ^idiDjrfa. 


TTFxFxF2F2DxdxdAi --- 
rrFxFxF2FAidxRA2- - - - 
RRFxFxFtFAidxdAi . 
RrFxFxF2FAidxd2d2 --- 
rrFxFxFtFAxdidAi.. .. 


‘ All. 

SUMMARY AND CONCLUSIONS 

the use of color standards the testa color of 85 varieties and 
strains of peanuts, as well as of hybrid progenies from crosses among 
these varieties, were separated into three color groups, red, flesh, and 
white. A fourth color, dark purple, as reported by Patel et al. (5) 
for the Coricnte8-3 variety, is not included in this study. 

Flesh-adored testa is dominant to genetically pure white with a 
bigenic difference, indicating that all the flesh-colored varieties so far 
studied, both bunch and runner types, have two identical genes for 
color. 

Red testa is dominant to flesh with a single factor difference, but 
the flesh pigment is necessary for expression of red color. 

Two varieties with white seed coats were found to differ in their 
genetic constitution. Apparently the Pearl variety carries factors 
for both red and flesh pigment but lacks factors for expression of 
color, while the Philippine White has neither pigment but does carry 
factors for dovelopiAent of color. 
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EFFECTIVENESS OF HEAT PENETRATION IN MEAT 
CANNED IN GLASS JARS IN A PRESSURE COOKER' 


By Caspbk 1. Nelson, bacteriologist and soil biologist, and Darline Knowles, 
human nutritionist. North Dakota Agricultural Experiment Station 

INTRODUCTION 

It has previously been shown ^ that under conditions prevailing 
when meat is processed in sealed tin containers and sterilized in a 
retort under steam pressure the effectiveness of heat penetration and 
the sterilizing process depend upon five variables; namely, type of 
pack, amount of steam pressure, size of can, time of processing, and 
method of cooling. Heat penetration is most rapid when there is 
least interference with convection currents. Fifteen pounds steam 
pressure is necessary to obtain sterility in the strict sense of the 
laboratory. The period required to obtain sterility varies directly 
with the size of the container. 

Other factors being constant and controllable, the type of container 
used in the home canning of meat may be the factor determining the 
success of the process. Since glass jars are the containers commonly 
used in the home and since the rate of heat transference is slower 
through glass than through tin, this investigation was undertaken to 
determine the length of the processing period necessary in canning 
a solid pack of meat in glass jars. 

EQUIPMENT AND PROCEDURE 

In order that the temperature might be recorded at regular interval 
throughout the processing period, a 12-quart pressure cooker was 
modified in the manner first described by Magoon and Culpepper ® 
and later by Nelson and Berrigan.^ 

Wide-mouthed, quart-size, glass jars with the mason-type Kerr 
lids were used to facilitate the soldering of the brass plate to the jar 
lid. 

It was nec(»ssary to use a long-stemmed thermometer on which the 
graduation started 6 inches from the mercury bulb in order that read¬ 
ings might be visible above the top of the retort cover. 

The top cut of beef round was used throughout this study. The 
(\ye muscle was first sectioned out, and then the rest of the beef was 
cut into pierces of a size that could be conveniently placed in the jar. 

Test cultures of bacteria were sealed in thin-walled, glass ampoules 
and buri(Ml deep in the eye muscle, since previous work* had shown 
this to be a reliable method. This section of the round was then 
wrapped in a single layer of cheesecloth in order that it might be 
quieWy identified after the processing period. 

A glass jar was half filled with meat, the eye muscle containing the 
test organisms placed in the center, and the remaining space packed 

1 Received for publication May 21,1940. 

» Nelson, Casper I., and Berrioan, Dorothy. smcTiVENESs or heat penetration in the canning 
OF MEAT in the HOMS BY THE PRESSURE COOKER. Jour. ART. RCS. 50: 465-474, illUS. 1939. 

3 Maqoon, C. a., and Culpepper, C. W. a stxtdy of the factors affecting temperature changes 
IN the container during the canning of fruits and vegetables. U. S. Dept. Agr. Bui. 956, 55 pp., 
illus. 1921. 

* See footnote 2. 
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with portions of tho beef round. To maintain as nearly equivalent 
cjonditions as possible, the contents of all jars were adjusted to approxi¬ 
mately the same weight. 

After tho jars were packed, they were immersed in boiling water 
and preheated until the temperature of the center of the pack was 
30° C. 

Since it had previously been reported ® that jars may be scaled tight 
before processing in a pressme cooker, the jar lid which had been 
soldered to the retort equipment described above was screwed firmly 
onto the jar. By this arrangement the jar was suspended exactly 
in the center of the retort. A layer of water about 1 inch deep was 
maintained in the pressure cooker. After the cooker had been sealed, 
the pet cock was left open until the air escaped. After the steam 
pressure had reached 15 pounds, the temperature was recorded at 
1-minute intervals. At the end of the processing period the jars were 
removed from the pressure cooker and allowed to cool to room tem¬ 
perature. Since cooling could not be hastened by immersion of the 
jars in cold water, as is the usual procedure when tin cans are useci, 
the total sterilizing effect of the processing was prolonged. I'liis 
was especially marked in the case of the storage jars, since they were 
tightly scaled before processing and a greater length of time was 
required to cool them. Usually the broth in these jars boiled for 
3 to 5 minutes after the jars were removed from the pressure cooker. 

The bacterial cultures used to test the sterilizing process vrerc 
Clostridium hotulinum, Type A (in an aged-spore state), Escherichia 
coli (fresh suspension), and Bacillus meseniericus (aged-spore state). 
The bacterial suspensions were prepared in physiological saline solu¬ 
tion. Although such a saline solution has been shown to have the 
effect of reducing the viable count of a bacterial suspension on standing 
it was not considered that the heavy suspension used would be 
weakened to the extent of invalidating the results obtained. These 
suspensions were maintained at uniform turbidity throughout the 
experiment. 

Ampoules from all jars were removed under aseptic conditions and 
the contents placed in appropriate culture media. Robertson’s 
heart medium was used for culturing Clostridium botulmurny lactose 
fermentation tubes for Escherichia coli, and nutrient broth for Bacillus 
mesentericus. All tubes were incubated at 37° C. for a week. 
Orowths were identified by appropriate criteria. 

A total of 38 jars of meat were prepared in the manner described, 
and these were processed over periods of 50, 60, 65, 70, 80, 90, 100, 
110, and 120 minutes. At least four jars were prepared at each 
interval of time; half were opened immediately for bacteriological 
examination and the other half were stored in an incubator at 25° C. 
for 6 months. 

EXPERIMENTAL DATA 

In figures 1 to 4 are depicted curves obtained by plotting time of 
processing against temperature. The temperature curves shown in 
figures 1 and 2 were drawn from temperature readings made with an 
oridnary stock thermometer. Variation was pronounced. Figures 
3 and 4 represent the continous use of one especially accurate ther¬ 
mometer. These curves well illustrate the difficulty of checking all 

< Fellers, C. R., Maclinn, W. A., and Levine, A. S. iiom>b canning besearcii. Mass. Agr. Expt. 
Sta. Bui. 331: 70-71. 1937. 
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variable factors. The distribution of fat and lean affects the rate of 
heat penetration. Although all the fat was removed that could be 
removed, some pieces of the meat contained decidedly more inter¬ 
stitial fat than others. The difficulty of limiting all the variable fac¬ 
tors in a study of this type has been clearly pointed out by Lang.® A 
beef pack, however, does not offer such an opportunity for change in 



Figure I,—Variations in effective heat penetration (see text for fuller explana¬ 
tion) as affected by length of processing period. Processing periods: A, 50 
minutes; /^, 60 minutes; C, 65 minutes. 



P^iGURE 2.—Variations in effective heat penetration (see text for fuller explana¬ 
tion) as affected by length of processing period. Processing periods: A, 70 
minutes; B, 80 minutes. 


the fluidity of the pack during processing as do the softer marine 
foods, and it may safely bo assumed that curves will not bo broken 
out of their regularity by major changes in heat convection. 

The space between the two heavy horizontal lines on the graplis, 
drawn at 100° and 120° C., indicates the zone of sterilization. The 
curves shown were originally produced from temperature data plotted 
on millimeter squared ruling. Each cimve circumscribes a dome- 

* Lano, O. W. thermal processes for canned marine PRODtTCTS. Calif. IJniv. Pubs., Pub. Health 
182 pp., Ulus. 103S. 
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shaped area that represents sterilization accomplished as a product 
of time and temperature. The maximum sterilization possible 
would be represented by an area between the two horizontal lines 
circumscribed by a temperature curve rising abruptly to 121® at the 



Figure 4. —Variations in effective heat penetration (see text for fuller explana¬ 
tion) as affected by length of processing period. Processing periods: A, 110 
minutes; 120 minutes. 


beginning of the proct^sing. This is observed when water or broth 
is processed in a tin can.^ 

By accurately computing the area of the space circumscribed under 
the curve representing the experimental data of a particular process¬ 
ing period and comparing it with the area representing sterilization 


7 See reference given in footnote 2 . 


768 Journal of Agricultural Research Voi. ei, No. lo 


of water or broth, a ratio is obtained which expresses the efficiency 
of sterilization in terms of percent. (The reproduction of the curves 
in this paper may differ slightly from the curves originally plotted 
but the percentage holds true.) In figures 5, the averages of effici¬ 
encies of heat penetration for each processing period are shown in 
gradient. The curve reaches its crest at approximately the 90- 
minute period. This indicates that heat penetration reaches its 
practical maximum at 15 pounds steam pressure, when quart glass 
jars are used, in between 80 and 90 minutes after the beginning of the 
processing. Attainment of maximum efficient heat penetration is 
not necessarily identical with sterilization efficiency. Heat effective- 



FiGUitB 5. —Average percentage efficiency of heat penetration ab affected )>> 
length of processing period. 

ness in killing bacteria can best be determined by exposing the bac¬ 
teria to the process over the same range of time and temperature^ used 
in determining heat penetration and efficiency. 

The results obtained from the bacteriological examination of all 
processed jars arc recorded in table 1. The examination of jars 
opened immediately after processing indicated that (1) the toxigenic 
anaerobe Clostridium botulinum in the spore state was destroyed by 
processing for 70 minutes at 15 pounds pressure; (2) Escherichia coli^ 
a non-spore-forming organism, was d('stroyed by processing for 70 
minutes at 15 pounds pressure (it appeared to be more susceptible to 
heat than Clostridium botidinum), and (3) the spore-bearing, aerobic, 
soil-inhabiting Bacillus mesentericusj in the spore state, was not 
destroyed during any period of processing tried, up to and including 
120 minutes. 
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Tablb 1 .—Survival of tett organitnu in jars of meat processed at 15 pounds pressure 


Jars opened immediately 


Jars stored 




Survival of-^ 

Jar No. 

ing 

period 

Cloatrid^ 

ium 

botulinum 

Etcher- 

idtia 

coli 

Bacillue 

meten- 

tericua 

14. 

Minviet 

50 


0 


16.. 

50 

+ 

0 


6. 

60 

0 

0 


8. 

60 

0 

0 

+ 

10. 

65 

+ 

» + 

+ 

12. 

65 

0 

0 

4* 

18. 

70 

0 

0 

+ 

20. 

70 

0 

0 

+ 

22.. 

80 

0 

*4- 

4 - 

24_ 

80 j 

0 

0 

4 - 

39. 

90 

0 

0 

4* 

40. 

90 1 

0 

0 

4- 

41. 

100 

0 

0 

4- 

42. 

100 

0 

0 

4- 

43. 

110 

0 

34. 

4* 

44. 

110 

0 

0 

0(?) 

45. 

120 

0 

0 

4- 

46. 

120 

0 

0 

4- 



Process¬ 

ing 

period 


Survival of— 

Jar No. 

Clostrid¬ 

ium 

botulinum 

Escher¬ 

ichia 

coli 

Bacillus 

mesen- 

teriens 

13. 

Mmutes 

50 

0 

0 

0 

15. 

50 

0 

0 

0 

Z * . 

60 

0 

0 

4* 

5. 

60 

0 

0 

0 

7. 

60 

0 

0 

0 

9. 

65 

0 

0 

0 

11. 

65 

0 

0 

0 

17 ♦. 

70 

0 

0 

0 

19. 

70 

0 

0 

0 

37... 

70 

0 

0 

0 

21... ... 

80 

0 

0 

0 

23. 

80 

0 

0 

4- 

25_ 

90 

0 

0 

0 

27_ 

90 

0 

0 

4- 

29_ 

100 

0 

0 

0 

31. 

100 

0 

0 

0 

38. 

1 

110 

0 

0 

0 

47. 

110 

0 

0 


33». 

120 

0 

0 

4- 

35. 

120 

0 

0 

4- 


» Plus siRo indicates survival. 

* Indications of contamination. In these instances in which E. coli appeared to survive, the authors had 
excellent reason to believe that its presence was not due to survival but to experimental variance. The 
checks were free from growth. However, at extremes of ranges of viability, it is very possible that heat> 
resistant individuals might apiicar. 

’ licaker. 


An examination of the jars stored at 25° C. for 6 months or more 
showed that (1) Clostridium botulinum and Escherichia coli had been 
destroyed in all jars; (2) Bacillus mesentericus still persisted in a few. 
It has been pointed out before that the stored jars necessarily had a 
more prolonged cooling period, which no doubt increased the sterilizing 
(‘ifect of the processing. 

SUMMARY AND CONCLUSION 

The results obtained in this study indicate that the maximum point 
of efficiency in heat penetration in the processing of solid packs of 
beef in quart glass jars is reached at approximately 90 minutes. 
This represents a maximum efficiency of less than 50 percent. 

The home canning of beef in quart glass jars in a pressure cooker 
apparently is safe if the pack is preheated to 30° C. and processed 
90 minutes at 15 pounds steam pressure. 


U. S. GOVERNMENT PRINTING OFFICE: l»4l 
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RESPONSE OF TWO CLONAL STRAIN 

POTATOES TO VARIOUS CONTROLLED ENVIRON¬ 
MENTS * 

By H. O. Werner 

Professor of horticvlture^ Nebraska Agricultural Experiment Station 

INTRODUCTION 


In a previous publication the writer reported the response of one 
strain of Triumph potatoes to gradually changing photoperiod and 
temperature and to abrupt changes in photoperiod and nitrogen 
supply.^ Further experiments have been conducted to determine 
whether other strains or varieties would respond in a similar manner 
to different environmental treatments. The environmental conditions 
under which tests were made involved different levels of nitrogen 
nutrition, constantly long or short days in contrast to gradually 
changing day lengths, and long or short days at several temperatures. 
Because of the difficulty of arriving at a satisfactory evaluation of a 
strain or variety by field tests ^ another objective was to determine 
whether varieties or strains can be analyzed as to their adaptation to 
various latitudes by testing them under controlled conditions with the 
photoperiods and at temperatures characteristic of certain latitudes. 


EXPERIMENTAL METHODS 

During the winters of 1934-35 and 1935-36 Triumph potatoes of 
two or tlirt^e clonal strains were grown in the greenhouse with nutrient 
solutions in essentially the same manner as described in an earlier 
publication.^ In 1935-36 the nitrogen-deficient treatment was pro¬ 
vided by using only 10 percent as much nitrogen in the solution as 
was used in the complete solution. Six weeks after the plants emerged 
this was increased to 20 percent. These plants manifested very dis¬ 
tinct nitrogen-deficiency symptoms. Photoperiods of specific dura¬ 
tion were provided by 100-watt bulbs placed about 3^2 feet apart and 
maintaiiK'd about 2 to 2% feet above the tops of the plants (fig. 1). 
All lights were turned on at 7 a. m. so as to avoid the variable light 
conditions incident to the beginning of midwinter days. Lights were 
turned off whenever daylight seemed brighter than the artificial light. 

' Kecoivod for publication November 27,1939. Paper No. 243 of the Journal Series of the Nebraska Agri¬ 
cultural Experiment Station 

» Wkrnkr, U O the effect or a controllep nitrogen supply with different temperatures 
AND PHOTOPERIODS UPON TUE DEVELOPMENT OF THE POTATO PLANT. Nobr. Agr. Expt. Sta. RcS. Bul. 75, 
132 1 ) 1 ) , illus. 1934. 

» WERNER. H O. PERFORMANCE OF CLONAL STRAINS OF TRIUMPH POTATOES. I. TRIUMPH STRAINS ON 
DRY LAM) IN WESTERN NEHKASKA. AiniT. PotaU) JoUr. IT’ 1661*89. 1940. 

-PERFORMANCE OF CLONAL STRAINS OF TRIUMPH POTATOES. II. COMPARISON OP STRAINS UNDER 

IRRIGATION CONDITIONS IN WESTERN NEBRASKA. Ainer. Potato Jour. 17: [951-99. 1940. 

— PERFORMANCE OF CLONAL .STRAINS OF TRIUMPH POTATOES. HI. COMPARISON OF STRAINS IN CENTRAL 

NEBRASKA (AT NORTH PLATTE) WITH AND WITHOUT IRRIGATION. Aiiier. Potato Jour. 17: U2;41-127. 1940. 

-PERFORMANCE OF CLONAL STRAINS OF TRIUMPH POTATOES. IV. COMPARISON OF TRIUMPH STRAINS 

IN EASTERN NEBRASKA (AT LINCOLN) WIYH AND WITHOUT IRRIGATION. Amer. PotatO JoUr. 17: (1531-155. 
19t0. 

-PERFORMANCE OF CLONAL STRAINS OF TRIUMPH POTATOES. V. COMPARISON OF TRIUMPH STRAINS 

IN VARIOUS SOUTHERN STATES. Atncr. Potato JouT. 17: (1741-181. 1940. 

* See footnote 2 
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In the late afternoon lights were turned on whenever artificial light 
was brighter than natural daylight. On dark days lights were left 
on throughout the day. Temperature was thermostatically con- 
troUed so that the desired mean was secured during each 24-hour 
period. The day temperature was 10“ to 20° F. higher than the night 
temperature. With “southern” or “northern” conditions photo¬ 
periods and temperatures were changed once each week to simulate 
changes that occur during the potato-growing seasons in the different 



Figure 1 .—Potato plants growing under “southern” conditions (834). Photo- 
graphed January 14, 1935. 


latitudes. The general characteristics of the various treatments are 
outlined in table 1. In 19;i4-35 the southern-day conditions wen* 
similar to those that prevail in southern Ijouisiana and the northern 
ones simulated a cool season in northwestern Nebraska (fig. 2).® * In 
1935-36 the southern-day conditions were similar to those of far 
southern points, such as Brownsville, Tex., or Homestead, Fla., and 
the northern conditions resembled those of northwc'stern Nebraska 
in a warm season (fig. 3). The plants of one light or temperature 
treatment were necessarily grouped in one part of the, greenhouse, but 
plants harvested on each date of each strain within a treatment were 


» Mabvin, C. F. sunshine tables. 3 V. 1905. Part I, Latitudes 20® to 30® North (reprinted), W. B. 
805,1923; Part III, Latitudes 40® to 50® North, W. B. 320,1905. 

• Marvin, Charles F, normals of daily temperature fob the united states. U. S. Weather 
Bur. Monthly Weather Rev., Sup. 87 pp., illus. 1925. 
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distributed throughout the area so as to equalize place variations. 
When two nutrient solutions were used the plants that received the 
same solution were randomized throughout the greenhouse area. 



Figure 2 . -Environmental conditions in the winter of 1934-35, showing mean 
temperature, day length, and radiation (measured as gram-calories per square 
centimeter) for weeks ending at points designated on the various graphs, and 
days after emergence of plants of the northern and southern series, N34 and 
S34. 

Light-iiitensity readings were secured at the United States Weather 
Bureau station about one-fourth of a mile from the greenhouse. 
Light intensity was greater in 1935-36 than in 1934-35. However, 
there were 2 weeks of dark days in January 1936 and these caused a 
noticeable slowing down of tuber growth. 
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In order to simplify matters as much as possible the first part of 
the discussion (pp. 765-785) of results will deal with the influence of 



Figure 3.—Environmental conditions for 1935-36 treatments, showiiif? mean 
temperature, day length, and radiation (measured as gram-calories per square 
centimeter) for weeks ending at points designated on the various graphs, and 
days after emergence of plants of the northern and southern series, N -|-, and 
N—, S+, S—. Symbols at bottom indicate date on which nutrient solutions 
were applied as explained by legends within the figure. 

the environment on one strain (the very early strain No. 12) and the 
latter part (pp. 785-788) will deal with the differences betwetui strains 
under the different conditions. 
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Table 1. —Essential characteristics of the various treatments used in growing strains 

of Triumph potatoes 


Treatment designation 


Range of 
mean 



Plants 

Symbol 

Descriptive name 

Day 

length 

daily 

temper¬ 

ature 

during 

each 

treat¬ 

ment 

Season when plants were in 
greennouse 

Nitrogen in 
nutrient 
solution 

of each 
strain 
har¬ 
vested 
on each 

1 date 

lie . . 

11-hour, cool. 

Hours 1 
11 1 

® F. 

62 -65 

Oct. 20,1934, to Feb. 22,1936 

Complete. 

Number 

2 

16C. 

16-hour, cool. 

16 

62 -65 


2 

S34,.. 

Southern. 

11 -14 

61 -72 

Nov. 1, 1934, to Feb. 4, 1935 

- do 

3 

N34 . 

Northern. . 

14.5-11.6 

72.5-58 ! 

Nov. 1, 1934, to Feb. 22,1935 

do. - 

3 

S+. 

Southern, balanced 

10 -14.1 

58.5-75 

Oct. 25,1935, to Feb. 29,1936. 

_do. 

4 

s-.-. , 

solution. 

Southern, nitrogen- 

10 -14.1 

58. 5-75 

-do.. . 

10-20 per¬ 

4 

N-f . 

deficient. 

Northern, balanced 

14.0-10.8 

80 -61 

--do .... 

cent.* 

Complete... 

4 

N-_ 

solution. 

Northern, nitrogen- 

14.0-10.8 

80 -61 

---do .. 

10-20 per¬ 

4 

8++--- 

deficient 1 

Southern -b + N * 

11 7-15 

65 -75 

Mar. 2,1935, to June 1, 1935. 

cent.* 

++. 

4 

8 -1—... 

(bright sun). 
Southern H—N » ... 
Southern —N ^ ... 

11.7-15 

65 -75 

- --do ... 


4 

S--... 

11 7-15 

65 -75 

---do. 

. 

4 

S-+ .. 

Southern ~-fN 2 . 

11.7-15 

65 -75 

1 - do.... 

. - 

4 


1 10-2(> percent of the nitrnpren in the complete nutrient solution (see fig. 3). 

i complete nutrient solution the first 4 and remaining weeks; 4—N*complete solution first 

4 weeks and after that solution with 10 iiercent as much nitrogen (or —N); —N»nitrogen-deficient solu¬ 
tion both periods; -+N ^nitrogen deficient solution only during the first 4 weeks. 

RESPONSE OF VARIOUS PLANT PARTS UNDER DIFFERENT EN¬ 
VIRONMENTAL CONDITIONS 

VEGETATIVE GROWTH 

Vo^(*(ativ(‘ jrrowth of the plants, as measured principally by dry 
wt'i^lit on siicc(‘ssive datt's, was very much restricted when the days 
were short and cool in the early part of the season (11-hour cool days 
(llC)’) and und(*r southern conditions (S34, S-f-, S—; figs. 4, 5, 6). 
Under these conditions vegetative growth was restricted almost 
entirely to the main axis, the terminal inflorescence of which aborted 
while in tln^ primordial stages. During most of the season the leaves 
were a pale green, becoming glabrous quite early, the outer leaf edges 
turning downward. The elongation of the main axis w^as practically 
accomplished by the seventeenth day. After that the increase in 
weight resulted from leaf expansion, stem thickening, and stolon 
production. There was relatively little vegetative growth beyond 
the thirty-fifth day. After the sixtieth to seventieth days there 
generally was no increase in vegetative dry weight but frequently a 
de(*rease (fig. 5). This decrease was most evident in plants grown 
with 11-hour cool days (llC), and with those under southern condi¬ 
tions in 1934-35 (S34). It was accompanied by the yellowing and 
death of lower leaves. Theses early short-day plants were relatively 
very leafy as shown by the high leaf/stem ratios (table 2). The early 
vegetative growth rate and total vegetative growth were greater with 
11-hour cool-day plants than with plants grown under southern 
conditions. There were no consistent differences in the leaf/stem 
ratios of the two treatments. * ^ 

f Symbols in parentheses refer to treatments outlined In table 1. 

















Figure 4.—Vegetative growth of potato plants under various combinations of 
day length and temperature, 1934-35: Strains 12 (a, c) and 23 (6, d) 

exposed to 11 (a, b) and to 16 hours of light (c, d) in treatments HC and 16C, 
respectively. Dates and number of d^s after emergence when photographs 
were taken: November 7, 18 days; B, December 8, 49 days; C, January 3, 

75 days; D, January 25, 97 days. R-Hf Strains 12 (a, d) 22 (6, c), and 23 
(c, /) grown under southern (a-c) and under northern (d -/) conditions. Dates 
and number of days after emergence when photographs were taken: i?, Novem¬ 
ber 28, 28 days; F, December 22, 52 days; 6, January 14, 75 days; 77, February 
4, 97 days. Height of plants may be gauged by diameter of the 10-inch pots 
used. Data secured from strain 22, an intermediate-season line, are inter¬ 
mediate between those for strains 12 and 23, but are not published. 

Vegetative growth was very extensive when days were long in the 
early part of the season as with either 16-hour cool days (16C) or 
northern conditions (N34, N+, N—) (figs. 5 and 6). With these 
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conditions there was very little or no more elongation of the main 
axis than with short-day plants, but there was very extensive growth 
of laterals from nodes on all parts of the plants and numerous flower 
clusters developed (fig. 4). The rapid early OTowth rate continued 
till shortly after the sixty-second day after whim it decreased slightly. 
The extent to which these 16-hour cool-day plants were less leafy 



Figure 5. —Mean dry weight per plant (in grams) in various parts of plants of 
two potato strains harvested on successive dates and grown in 1934-35 with 
11- and 16-hour cool days (11C and 16C) and under northern and southern 
conditions (S34 and N34). 

than those grown with 11-hour cool or southern days was shown by 
the {very much lower Icaf/stem ratios (table 2). These plants 
matured 15 to 20 days later than the 11-hour-cool or southern-type 
plants. 

In long hot northern days (N34 and N-f) the early growth was not 
exceptionally rapid. Lear development was proportionately less than 
with southern-day plants ((S34 and S+), but stem development 
was gi'eater, as is shown by the dry weights (figs. 5 and 6) and the 
leaf/stem ratios (table 2). 
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When a shortage of nitrogen occurred in the nutrient solution vege¬ 
tative growth was very much inhibited. Under southern conditions 
the vegetative growth of nitrogen-deficient plants was only about 60 
percent of that of plants given a complete nutrient solution (S+, 
fig. 6). With plants grown with both complete and nitrogen- 
deficient solutions vegetative growth practically ceased before the 
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Figuke 6. —Mean dry weight per plant (in graiiiK) in various parts of plants of 
two potato strains harvested on successive dates and grown in 1935-36 under 
southern and northern conditions with a balanced nutrient solution (S -h, N -j-) 
and with a nitrogen-deficient solution (S—, N-~). 


thirty-fifth day, the short cool days having boon a greater factor in 
inhibiting vegetative growth than the absence of nitrogen. This 
nitrogen deficiency did not alter the leaf/stem ratios. Under northern 
conditions (N—) the maximum vegetative growth of plants raised on 
a nitrogen-deficient solution was less than half as great as when nitro¬ 
gen was applied in abundance N+). Under northern conditions 
vegetative growth of nitrogen-deficient plants continued until the 
seventy-fifth day or later. Thus the long warm days early in the 
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Table 2. —Ratios of dry weight of leaves to stems of strains 12 and 23 ‘ of Triumph 
potatoes as affected by temperature^ day lengthy nitrogen supply^ and time of har- 
vest, 1934-35, 1936-36 



1934-35 

1935-36 

Age of tops 

11-hmir 

16-hour 

Southern 

Northern 

Southern conditions 

Northern conditions 


cool day 

cool day 

conditions 

conditions 

— 

— 


— _ 

— 




(days) 

(nc)i 

(160 « 

(S34) » 

(N34) J 

(H+‘* 

(S- 

-) * 

(N+) 2 

(N- 

-)* 


12 

23 

12 

23 

12 

23 

12 

1 23 

12 

23 

12 

23 

12 

23 

12 

23 

17 20. .. . 

1 78 

1.66 

1 38 

1.50 

1.66 

1 

1.68 

1.24 

1 27 

1.88 

1.8:1 

1.71 

1.88 

1 45 

1.46 

1 1,34 

1.30 

28 .. . 

1.88 

1.47 

1.11 

1 29 

1.46 

1.38 

1.15 

.99 







1 


3.*) ; 









1.98 

1.79 

1.86 

1 87 

1.32 

1.25 

1.11 

i.ii 

38-39 

1.96 

1.49 

i 34 

1.12 

1.29 

1 74 

i 11 

1 13 









48-.'i2 

1 71 

1.16 

1.16 

1.08 

1.35 

2.03 

1.23 

.97 

1 8,3 

2.08 

1.80 

ilO 

i 17 

1.00 

1.09 

.90 


1 90 

1 94 

1 44 

1.10 

2 18 

2 57 

1.17 

1.05 

2 22 

2.26 

2 11 

2 20 

1. 11 

1 00 

1.09 

93 

7r»-7fi _ 

2.14 

1 87 

1.60 

1 18 

2.75 

2. 42 

1.36 

1.07 

2 52 

2.23 

2.27 

2 10 

1.25 

1.05 

1.34 

1 11 

80-92 

2.28 

1. 73 

1.81 

1 38 

1.60 

2 21 

1 38 

1 10 

2 22 

2 11 

2.21 

2.07 

1.27 

1.16 

1.32 

98 

97 

2.43 

2. 75 

1 .50 

1 30 

1 1 38 


1 29 

1.23 

1 








10^-107 

2,49: 

2 61 

1 50 

1 76 


j>3 69 



i.97 

1.85 

2 20 

i 91 





115* . j 





i 


i.36 

i.l8 



1 






125-127 * . ! 

1 

2.18 

1 i 

1 65 

i 72 

152 


!' - 

-- 




I" 

-- 

1^61 

i.'is 

1 75 

1 i 39 


» 12* very early ’Strain. 23* very latt* strain 

2 Symbols in parentheses are treatment identiOeation. For complete statement coneerninR these tieat- 
monts see table 1 and pp - - 
* Ratio hieh l>ecause of decay of lower stem portions 

< Ratios of weiiihts for la^t 2 harvest periotls not entirely dejiendablo liecause of loss of portions of dead 
lower leaves by shnttennc 
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Figure 7. —Plants from strain 12 photographed on April 12, 1935, after having 
been grown for 2 weeks with solutions containing different amounts of nitrogen. 
Plants of various treatments as designated in table 1 are: A, B, SH—; 

C, S---;and 
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season were able to bring about vegetative growth in spite of a serious 
nitrogen deficiency. However, these nitrogen-deficient northern 
plants were a trifle less leafy than those receiving a complete balanced 
solution as shown by lower leaf/stem ratios (table 2). 

Under southern conditions when sunlight was good (spring of 1935) 
decreasing the nitrogen supply 4 weeks after plant emergence resulted 
in a slight decrease in vegetative growth (S++ to SH—, figs. 7 and 
8). m^en the nutritive solution change was in the other direction 



Figure 8. —Mean fresh weight per plant (in grams) in various plant parts of plants 
of two potato strains harvested on successive dates when grown in the spring of 
■ 1935 under southern conditions with different amounts of nitrogen in the nu¬ 
trient solutions. Plants given treatment S-continually received a nitrogen- 

deficient solution. At the close of the first 4 weeks the solution given S—h 
plants was changed from a nitrogen-deficient solution to a balanced solution 
ana SH— was changed from balanced to a nitrogen-deficient solution. Plants 
of S-f- H- received a balanced solution continuously. 
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there was a prompt and significant increase in growth (S-to S—h, 

figs. 7 and 8). Following the shift from nitrogen deficiency to abund¬ 
ance there was little or no increase in stem growth, but all leaves were 
greatly enlarged and changed from a stiff light green to a more flexible 
dark green. With the shift from an abundance to a deficiency of 
nitrogen, plants became more compact as a result of the inhibition of 
stem elongation and the cessation of leaf differentiation. Apparently 
there was sufficient nitrogen reserve within the plants to supply them 
for some time so that the reduction in amount of nitrogen in the 
nutrient solution did not bring about an acute shortage in 33 days. 
However, with the plants grown the first 4 weeks with a limited amount 
of nitrogen the increase greatly accelerated growth, but never to the 
point where it equaled that of plants of either the S++ or theSH— 
scries. Plants of these treatments were not dried at harvest time; 
hence ratios comparable to those of other series could not be calculated. 

STOLON GROWTH 

Stolon growth of the plants in the several treatments varied greatly 
in amount, duration, and type. The inhibition or cessation of stolon 
growth was inseparably associated with the initiation and develop¬ 
ment of tubers. Short days early in the season always resulted in 
v(»ry small stolon systems consisting of short primary stolons at each 
of the underground nodes with tubers terminating these stolons 
within the first few weeks (figs. 9 to 12). Lateral stolons were few 
and short, and branch stolons occurred very rarely. All nontuberous 
stolons or stolons bearing small tubers, especiallv if they occurred at 
one of the upper nodes, were rapidly resorbed shortly after the thir¬ 
tieth day. Increasing the day length or temperature, either gradually 
or abruptly, did not alter the stolon grow th of such plants. 

When the days were long early in the season the stolon systems 
were very extensive because of long stolons and numerous lateral and 
branch stolons. Under northern conditions with the long warm days 
early, the stolon grow^th was more extensive than wdth 16-hour cool 
<lays. This was mostly the result of delayed tuberization. Resorp¬ 
tion of nontuberous stolons began sometime after the fiftieth day— 
according to time of tuberization and continued till the end of the 
season. How^ever, wdth less or no dominance of a fcwr early-formed 
tubers more small tubers developed to appreciable size and fewer 
tuberous stolons appeared to be resorbed than when the growth of a 
few tubers became dominant, as with the plants having short days 
<‘arly in the season. This lack of dominance was most apparent wdth 
northern-condition plants (figs. 10, 13, and 14). 

With a low nitrogen supply stolon grow^th w^as restricted only a 
trifle under southern conditions but to a very pronounced extent 
under northern conditions (figs. 11 to 14). These differences were 
again closely associated with tuber initiation. Under northern con¬ 
ditions with a nitrogen deficiency (N—, fig. 14) the stolon growth 
was quite similar to that under southern conditions with a bdanced 
solution (S+, fig. 11). However, with northern nitrogen-deficient 
plants stolons were longer than with southern plants receiving a 
balanced solution, and lateral and branch stolons were quite, numerous, 
whereas they were practically absent from the latter. The nitrogen- 
deficient northern plants also had a considerable number of non¬ 
tuberous stolons or stolons with very small tubers until the end of 
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the season. This condition was almost absent from southern bal¬ 
anced-solution plants. This finding is in harmony with other data 
which have shown northern plants grown with a nitrogen deficiency 
to be more vegetative than southern plants grown with a balanced 
solution. 
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Fiottre 9. —Stolon and tuber production at various harvesting periods by typical 
plants of two potato strains grown with H-hour and 16-hour cool days in 
1934-35 (lie and 16C). NuinlKjrs at left indicate days after emergence: 
A, B, Short cool day (IIC); C, />, long cool day (16C); A and C, strain 12; 
B and /I, strain 23. 
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During a period of good sunshine under southern conditions the 
stolon system of balanced-solution plants differed from nitrogen- 
deficient plants only in being a trifle longer and in having a few more 
laterals, all syste^ms being relatively very simple and not altered by 
nutritional changes made at the close of the first 4 weeks. 
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Figure 10. —Stolon and tuber production at various harvesting periods, by 
typical plants of two potato strains grown under southern and northern condi¬ 
tions in 1934-35 (S34 and N34). Numbers at left indicate days after emer¬ 
gence: Af Bf Southern conditions (S34); C, Z), northern conditions (N34): 
A and C, strain 12; B and 1), strain 23. 
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TUBER DEVELOPMENT 

The earliest tubers were produced by 11-hour cool-day plants and 
the latest by northern-day plants. With strain 12 the first tubers 
were differentiated by the 1 l-hour cool-day plants about the twelfth 
day, the southern plants the eighteenth day, the 16-hour cool-day 
plants a little later, and the northern plants about the forty-eighth 
day. Nitrogen shortage hastened tuberization at least 2 weeks under 
northern conditions (figs. 13 and 14) but did not accelerate tuber 
initiation appreciably under southern conditions (figs. 11 and 12). 
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Figure 11. —Stolon and tuber production at various liarvesting periods by two 
plants of two potato strains grown under southern conditions in 1935-36 with 
complete nutrient solution (S-f). Numbers at left indicate days after emer¬ 
gence: Aj Strain 12; strain 23. 

Wlien short, cool days occurred early in the season the first tubers 
were differentiated from the terminal buds of the primary stolons 
located at the lower nodes, but at most only a few days elapsed 
before all primary stolons and all other stolon axes were similarly 
terminated. W’ith this early tuberization stolon elongation ceased 
and no new stolon growth occurred. Tuberization was a relatively 
abrupt process with these short-day plants. The earlier tuberization 
occurred, the more abruptly did it seem to take place. 

When the days in the early part of the season were long, tuberiza¬ 
tion not only occurred much later than when they were short, but the 
process was very gradual. With the decreasing day length and 
declining temperature of the northern conditions tuberization oc¬ 
curred later and again more gradually than with the 16-hour con¬ 
stantly cool days. With these lon^-day plants the early tuberization 
generally began at the terminal buds of only a few primary stolons. 
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Stolon growth reached its peak at about the time of tuberization, even 
though many stolon buds did not tuberize. 

A deficiency of nitrogen in the nutrient solution hastened tuber 
setting by at least 2 weeks under northern conditions but caused 
little difference under southern conditions (figs. 12 and 14). 

When the days in the early part of the growth period were short, 
all tubers were set within a comparatively short time early in the 
season, but when these initial days were long, the process was more 
attenuated and the maximum number was set later (table 3). The 
maximum number setting was two to three times greater when early 
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Figure 12.^ —Stolon and tuber production at various harvesting periods by two 
plants of two potato strains grown under southern conditions in 1935-36 wdth 
a nitrogen-deficient solution (S—). Numbers at left indicate days after 
emergence: Strain 12; strain 23. 

days were long than when they were short. With both groups the 
maximum number of tubei*s occurred at about the same time as did the 
maximum vegetative weight. With later harvests these maxima in 
tuber number and vegetative weight both declined. These trends 
were least defined in the continual cool-day plants. Apparently with 
the declining plant vigor the smaller tubers were resorbed. The 
number of tubers weighing more than 1 gm. was also greater with 
early long- than with early short-day plants. 

A deficiency of nitrogen greatly decreased the number of tubers 
under northern conditions, but under southern conditions the decrease 
both in total number and in larger tubers was again relatively very 
much less. 

The total yield of tubers and the rate of growth during various 
periods wore very greatly influenced not only by the experimentally 
altered factors of temperature, day length, and nutrition but also 
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by the intensity of the natural daylight and by the intensity of light 
used to extend the natural photoperiod (table 4). The tuber-weight 
increase was relatively high early in the season with the treatments 
that had short days early in the season. When the early days were 
warm and long the greatest tuber-weight increase occurred in the 
latter part of the season (table 5). 

Plants grown with the 11-hour cool days had relatively the most 
rapid increase during the first 28 days. After that the daily tuber 
dry-weight production was greater during each succeeding interval 
till the seventy-sixth day. There was a very slight slowing up of the 



Fkiure 13.—Stolon and tuber production at various harvesting periods, by two 
plants of two potato strains grown under northern conditions in 1935-36, 
with a complete nutrient solution (X f). Xuinbers at left indicate days after 
emergence: -d, Strain 12; Zl, strain 23. 

tuber increase rate prior to the forty-ninth day when the daylight was 
the poorest of the season. After the seventy-sixth day tubers con¬ 
tinued to increase in weight but at a greatly reduciHl rate. After the 
ninetieth day there was a decrease in dry weight of tubers. 

The tuber growth rates of the southern plants wer(‘. relatively rapid 
early in the season. During periods of low light intensity tin* growth 
rate was relatively low (figs. 2 and 3). The tuber growth rates of 
southern nitrogen-deficient plants were much the same as those of 
plants grown with balanced solutions except that they showed a more 
rapid rate of increase early followed by a slower rate of increase (S— 
and S+). 

When days were long and cool early in the season (16C) tuberization 
was not only later than when days were short and cool (1IC) but the 
very early tuber growth was also a little slower. From the forty- 
nii^h to the seventy-fifth day the growth rate of 16-hour cool-day 
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plants continued to increase. After the eighty-sixth day the tubers 
of 1 l-hour cool- and southern-day plants had stopped growing or were 
losing weight. The northern plants with their long warm early days 
were slowest to tuberize. Conseouently their period of most rapid 
relative increase was always a number of days later than that of plants 
under any other growing conditions. Their rate of increase was still 
very rapid till the tests were terminated and the plants were beginning 
to mature. 

The tuberization efficiency of a strain or treatment may be judged 
by the daily dry weight increase of tubers per gram of dry leaf weight. 
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Ficjure 14. —Stolon and tul>er production at various harvesting periods, by two 
plants of two potato strains grown under northern conditions in 1935-36 with 
a nitrogen-deficient solution (N —). Numbers at left indicate days after 
emergence: /I, Strain 12; .strain 23. 

On this basis 11-hour cool-day plants were by far the most efficient 
early in the season (table 5). The southern nitrogen-deficient plants 
were more (efficient during the first 48 days than plants grown with a 
balanced solution (S-~, S+). From then on until the ninetieth day 
or later tlie southern plants grown with a balanced solution produced 
more tuber weight per dry weight of leaves than did the southern 
nitrogen-deficient plants. With plants under northern conditions 
tuber production per weight of loaf per day was much lower than for 
southern plants until very late in the season when the southern plants 
were maturing more rapidly. Northern nitrogen-deficient plants had 
a higher rate than balancea-solution plants till after the seventy-sixth 
day (N+, N—). Then leaves of the nitrogen-deficient plants became 
yellow or died and were very inefficient during the cool short days at 
the close of the period, whereas leaves of the b^alanced-solution plants 
continued active. 

294443—41-2 
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Table 3. —Mean number of tubers weighing more than 1 gm. and total number per 
plants for strains 12 and 23 ^ of Triumph potatoes^ as affected by temperature, 
day length, nitrogen supply, and time of harvest, 1934-36, 1936-36 

TUBERS WEIGHING MORE THAN 1 GM. PER PLANT 


Age of tops 
when tubers 
were harvested 
(days) 

1934-35 

1935-36 

11-hour 
cool day 

(nc)« 

16-hour 
cool day 
(160)* 

Southern 
conditions 
(S34)> ! 

Northern 

conditions 

(N34)* 

Southern conditions 

Northern conditions 

(S-f)* 

(S- 

-)« 

(N-l-)* 

(N- 

-)« 


12 

23 

12 

23 

12 

23 

12 

23 

12 

23 

12 

23 

12 

23 

12 

23 

17-20 _ 

3 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

28 . .. 

4.5 

4.0 

3.5 

0 

4.5 

2.5 

0 

0 









35.. 









5.5 

5.2 

4.0 

3.5 

0 

0 

0 

0 

38-39 _ 

4.5 

6.5 

7,5 

0 

4.0 

3.3 

0 

0 









4&-52. 

4.6 

3.5 

17.0 

0 

8.0 

4.0 

3.0 

0 

. 

5.5 

4.8 

4.01 

3.5 

0 

0 

zb 

0 

6^^-64. 

6.6 

12.0 

8.5 

3.6 

6.7 

6.7 

4.7 

0 

6.2 

5.7 

4.5 

4.7 

4.5 

0 

2.7 

2.2 

75-76. 

9.0 

9.5 

6.5 

4.5 

6.0 

5.0 

9.0 

9.0 

6.2 

6.5 

5.0 

4.5 

4.7 

5 0 

2.6 

2.6 

86-90 .. 

8.5 

8.0 

8.0 

6.0 

3.3 

6.0 

8.0 

6.6 

5.7 

6.5 

3.8 

3.6 

6.6 

8.2 

3.0 

2.2 

97... 

6.5 

.5.0 

7.0 

3 0 

8.0 

6.0 

8.5 

5.6 







... 


105-107. 

C.0 

9.5 

9.0 

3.0 





5.6 

5.0 

4.5 

3.5 





115 - . . 







1.3.5 

8 0 

1 








126-127. _ 

6.0 

10.6 

8.6 

5 3 









10.0 

ii.5 

I 5.2 

3 0 



















TOTAL TUBERS PER PLANT 


17-20. 

15.0 

3.3 

0 

0 

8 0 

0 

0 

0 

l.C 

0.3 

2.7 






28. 

11.0 

7.0 

17.5 

0 

15.6 

12.6 


_ 



.. 


- - - - 



_ 

35. 









15.7 

15.0 

8.2 

7.7 

_ 

_ 



38-39 . 

12.0 

12.5 

i6.0 

2.5 

18.3 

ii ..^ 

.0 

6 







4 5 

0 

48-52. 

16.0 

9.0 

43.5 


16.3 

15 0 

11.7 

0 

12.7 

is. 5 

7.7 

8 5 



14 0 

6 5 

62-64. 

11.0 

15,5 

24.5 

19.0 

15 0 

14.0 

34 3 

0 

12 7 

12.2 

7.5 

8.5 

39.0 

4.8 

13 5 

7 0 

75-76.. 

15.0 

16.0 

25.0 

39.5 

10.6 

9.0 

37.3 

27.0 

12.5 

8 5 

7.2 

7.5 

17 0 

24 8 

10.2 

8 2 

86-90. 

11.5 

14.0 

24.0 

39.0 

5.0 

10.0 

43 6 

28.6 

9.2 

9.5 

6.2 

7 0 

35.0 

53.2 

9 0 

8 7 

97. 

11.5 

6.5 

21.6 

46.0 

0.3 

8.0 

34.5 

19.6 






_ 

_ 


105-107. 

11.0 

9.5 

22.0 

10.0 





6.6 

* 8.6 

5.8 

”6 5 





115. 







22.6 

16.6 









125-127. 

* 6.6 

11 0 

ii.3 

'9.6 









26 0 

37.0 

9 2 

5 6 











. 








’ 12* Very early strain; 23*very late strain. 

3 Symbols in parentheses are treatment identification. For complete statement conoernini; these treat¬ 
ments see table 1 and pp, 761-763. 


Table 4. —Mean fresh weight of tubers as grams per plant for strains 12 and 28 * 
of Triumph potatoes as affected by temperature, day length, nitrogen supply, and 
time of harvest, 1934-35, 1936-36 


Age of tops 
when tubers 
were harvested 
(days) 

j 1934-35 

1935-36 

11-hour 
cool day 
(IIC) * 

16-hour 
cool day 
(16C) a 

South¬ 
ern con- 
dition.s 
(S34)* 

North¬ 
ern con¬ 
ditions 
(N34) a 

Southern conditions 

i Northern condi- 
1 tions 

(S-f) a 

(»- 

)» , 

(N+) » 

(N- 

-) a 


12 

23 

12 

23 

12 

23 

12 

23 

12 

23 

12 

23 

12 


12 

Zi 

17-20. 

6.8 

0,1 

0 

0 

0.6 

o’ 

0 

0.07 

0.07 

0.03 

0.13 

0 

0 

0 

0 

0 

28-.. 

64 

10 

9 

0 


3 

0 

.0 









35. 









35 


34 

31 

0 

0 

.6 

0 

38-39 . 

96 

44 

31 

.4 

52 

34 

0 

.0 









48-62. 

117 

67 

91 

.8 

101 

96j 

5.3 

.0 

107 

107 

68 

65 

0 

0 

26 

2.5 

62-64. 

193 

159 

181 

41 

114 

145 

36 

.4 

177 

192 

103 

114 

16 

.2 

68 

45 

75-76. 

343 

219 

332 

115 

149 

116 

133 

38 

232 

256 

130 

153 

108 

31 

116 

85 

86-92. 

306 

234 

439 

212 

108 

123 

156 

109 

300 

328 

149 

171 

217 

250 

157 

148 

97..- 

274 

186 

378 

311 

161 

105 

206 

187 









106-107 

229 

214 

360 

266 





363 

3^ 

187 

i^ 





116-.. 




I_ 



299~ 










125-127. 

210 


455 

298 




1 ___ 


_ 



489 

560 


2» 









1 


1 1 







i 12*Very early strain; 23 *very late strain. 

> Symbols In parentheses are treatment identification. For complete statement concerning these treat¬ 
ments see table 1 and pp. 761-763. 
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On the basis of dry weight of tubers produced for each gram of leaf 
and stem dry weight, i. e,, tuber/top ratios, the most efficient plants 
very early in the season were the 11-hour cool-day plants (llC), fol¬ 
lowed rather closely by the southern plants (S34, S+, S—(table 6)). 
The ratios with these plants, which it will be remembered had rela¬ 
tively small vegetative growth, remained high all season. The ratios 
of 16-hour cool-day plants wc^re much lower than those of the 11-hour 
cool-day plants, but those of northern plants were generally still lower. 
Early in the season the tuber/top ratios of nitrogen-deficient plants 
were always higher than those of the corresponding balanced-solution 
plants, but late in the season they were lower. As vegetative growth 
increased the tuber/top ratio decreased. The conditions that were 
most favorable for maximum vegetative growth were least favorable 
for most efficient tuber production when calculations were made on t he 
basis of a unit of leaf an^a. 


Table 6.— Ratios of dry weight of tubers to that of vegetative parts {tops) for strains 
12 and 23^ of Triumph potatoes as affected by temperaturey day lengthy nitrogen 
supplyy and time of harvesty 1934 3/)y 1935 -36 


Age of tops 
when tuber.s 
were 

harvested 

(days) 

1934-35 


11 hour i 
cool day 
(110)3 

1 16 hour 
cool (lay 1 
1 (lO(^)i ‘ 

1 ! 

Southern j Northern 
conditions iconditions 
(S34)2 1 (N34)2 

Sout 

(SH 

12 

23 

12 

23 

I 12 

23 

! 

23 

1 

12 

17-20 . 

0.14 


0 00 

! 

0 OOi 0 17 

0 00 

0 (Ml 

0 (X) 


28. 

i.o: 

0 20 

.10 


.14 

,08 

00 

.(X) 


35. 









6 57 

38-39 .. 

i 64 

.72 

' .29 

.03 

1 13 

i 73i 

.00 

.00 


48-62 . 

2 23 

1,32 

.40 

.04 

! 1 75 

! 2 461 

03 

.(X) 

'2’07 

62-64 

3.28 

2. 75 

.90 

.22; 

: 3 00 

3 351 221 

.08 

3 46 

75-76 . . 

4 16 

3 84 

1,84 

42| 

3 75 

4 08i 

67 

.10 

1 4 57 

86-92. . _ 

4 87 

5 11 

2.58 

.01 

5 47 

! 5 02i 

1 (K) 

.4Si 

j 0 36 

97. 

5.80 

6 25 

2 59 

, 421 

5 (Xi 

4 :48| 

1 

1.94 

1 05, 


10.5-107 

6 33 

5 921 

1 95 

.91, 



f 

7'28 

115... . ! 


-- 1 


- 1 


1 

1 96; 

2 061 


125-127 ... ! 

6 85 

5. 011 

3 27 

1 181 


1 

1 

- 1 

! 

1 

1 


Southern conditions ! Northern conditions 


(S-) ■ 


(N+) = 


(N-)' 


0 Olj 

:/io| 

1 tio; 
3.41! 
4 U8; 
(i. 40, 

7 26 


0 01 
J 01 


2 34l 

3 801 

4 40 

5 351 


0 001 

1 

93' 

1 

2 22: 

3 48; 

4 ( V4i 
6 491 


0 00 
' oo| 

(M)j 

.os; 

.491 
1 34 


5.24 


I 


5 04: 


0 001 


0 00 | 


. 00 ! .11 
. I 
.oo| 

.(Xli 
.121 
85. 


94 ! 

1 .Wl 

2 05. 

I 
I 
1 


0 (X) 

.00 

.03 
. 52 
92 
1 29 


! 3 72| 3 031 2 70 ; 2 42 


I 


I 


! 


* 12=V^ery early strain, 23* very late strain 

* Symbols in parentheses are treatment identihcation. For complete [statement eoneerninR these treat¬ 
ments st*e tabic 1 and pp 761-763. 


It is of interest to note the (comparative mt'rits of tin' various 
treatm(?nts for total tubcT production during given pcu’iods of time 
in various parts of the? growing .season. Plants that starttul with cool 
short days and tuberizt'd (»arly produced a large* weight of tubers p(*r 
plant per day during a 50- to 60-day period, with hc^avy production 
under way relatively early (llC, 16C, soutln'm, table 5). When 
tuberization was once initiated long warm days did not prevent 
great tuber increase even thougli they might have prevent(*d or 
delayed initiation of tubers. With nortlnu-n plants the maximum 
tuber production per day was approximately twice as great as tlie 
maximum for southern plants that were growing at the same time 
but this rate was not attained until the seventy-sixth day or later. 
Prior to the sixty-second or seventy-sixth day the nitrogen-defici(*nt 
plants under northern conditions (N-—) were yielding more per day 
than the balanced-solution plants. Under south(*rn conditions the 
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tuber production of nitrogen-deficient plants (S—) was higher than 
that of balanced-solution plants (S+) till the thirty-fifth day. After 
that the S— plants produced much less per day than the S+ plants 
as the h'aves were chlorotic and were approaching or had reached 
senility. 

The final yield of tubers was always greater with the plants that 
had the larger tops. With such large plants production per leaf unit 
was relatively low (table 5), but the total leaf system was so great 
that the total tuber production was relatively great. At any time up 
to about 75 to 90 days after emergence the southern plants were 
more productive than the northern plants. After that time tuber 
yields of southern plants increased very little, but from then on half 
of the tuber weight of northern plants was produced. The production 
of poorly illuminat(^d southern plants was relatively low, whereas 
that of w(‘ll-illuminated plants was finally equal to or greater than 
that from ll-hour cool-day plants. The 10-hour cool-day plants 
attained higlu'r early tuber production raters per gram of leaf weight 
than nortlH^Ti plants but th(^ final production rate was greater with 
the latt(‘r. 

A nitrog('n dc'ficiency curtailed total tuber production more under 
northern than under southern conditions. The nitrogen-deficient 
plants were not able to Ixmetit by the cool short days at the close of 
the northern s<'ason because of the great reduction in leaf area,the 
reduced amount of chlorophyll, and tlu' early death of the plants. In 
an experiment conduct'd in the spring of 1935, when a nitrogen 
deficiency existed all season under southeTii conditions final tuber 
prodinf ion was about one-third as great as wheui nitrogen was supplied 

in ade(|uate amounts all season (S-and S++, fig. 8). Increasing 

the nitrogen supply from tin* nitrogen—deficient solution to a com¬ 
plete solution (S—h) at the end of 2 weeks brought about a great 
incr(‘as<‘ in yi<*ld. Decr(‘asing the amount of nitrogen at the end of 
4 weeks (from tin* (*omplete solution to the nitrogen-deficient solution) 
r(‘sult(*d in about a 30-pereent reduction in tuber yield (SH— as 
compared with S+ -f-). However, this yield was still greater than 
wh(‘n nitrog(Mi was deficient only early in th(' season (except with 
strain 23). Stated diffenuitly, this means that with the early strain 
und(u* southi'rn conditions a high nitrogen supply for 4 weeks early 
in the s(*ason was worth considerably more for tuber production than 
a high nitrogen supply during the last 8 or 9 weeks, wheretis the late 
strain was able to survive this early deficit and respond to the later 
abundantly supplied nitrogen. In fact the late stniin (23) yielded 
slightly more with the S —\- solution than with the S-|-+ solution. 

Under southern conditions tubei*s were more uniform, larger, and 
of better typci than under northern conditions (figs. 10 to 14). Under 
nortln'in conditions a few tubei*s may have been larger but there was 
more variation in tuber size than with southern plants. With con¬ 
tinually cool days tubers were larger than with other treatments—the 
largest and most elongated having been produced by 16-hour cool 
days (fig. 9). When nitrogen was deficient the size of southern tubers 
was less than when nitrogem was abundant, but the range in size was 
about the same (figs. 11 and 12). Under northern conditions with a 
nitrogen deficiency one or two tubers generally grew to great size while 
the others remained relatively small (fig. 14). 
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DRY MATTER CONTENT OP VARIOUS PLANT PARTS 

The percentage of dry matter in the leaves of both the 11-hour and 
the 16-hour cool-day plants was relatively high at the time of the first 
harvest (table 7). After that the percentage of dry matter decreased 
till about the thirty-ninth day, after which it increased gradually 
with a very rapid increase as the plants became senile. With southern 
and northern plants the initial high percentage was less apparent. 
During all the time prior to the period of senility the percentage in the 
leaves of 16-hour plants was higher than in those of 11-hour plants. 
During the first 60 days the dry-matter percentage was greater in the 
leaves of northern than in those of southern plants. 

Table 7 .—Percentage of dry matter in leaves, stems, and tubers of strains 12 and 
23 1 of Triumph potatoes, as affected by temperature, day length, nitrogen supply, 
and time of harvest, 19S4~S5, 1936-36 

DRY MATTER IN LEAVES 


Age of tops 
when tubers 
were harvested 
(days) 

11-hour 
cool day 
(IIC) > 

16-hoiir 
cool day 
(16C) 3 

Southern 
condi¬ 
tions, 
1934-35 
(834) » 

Northern 
condi¬ 
tions, 
1934-35 
(N34) « 

Southern condition.s, 
1935-36 

Northern conditions 
1935-36 

Complete 

nutnent 

solution 

(8+)» 

Nilrogen- 

defieient 

solution 

(S-)* 

Complete 

nutrient 

solution 

(N-f)* 

Nitroeen- 

deficient 

solution 

(N-)i 


12 

23 

12 

23 

12 

23 

12 

23 

12 

23 

12 

23 


23 

12 

23 


Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 


cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

17-20. 

9 8 

9 6 

10.1 

9.7 

7 2 

7 3 

8.0 

7.6 

8.6 

8.7 

8 3 

7 6 

8.9 

8.6 

8 1 

7 8 

28.. 

7.5 

7 6 

9 3 

8.2 

7.2 

7.2 

7.3 

6.9 









.36 . 









8 1 

8 3 

7.1 

7 2 

9 0 

8.7 

8. i 

7 7 

38-39.... 

7.4 

7.2 

8.0 

8 1 

8.0 

8 3 

8.4 

9.6 









48-52 . 

7.8 

7,8 

8 8 

8.9 

7.9 

7.7 

9,0 

8.0 

6 6 

7 8 

6 7 

7.1 

9 2 

9.2 

8,8 

8 6 

62-64 . .. 

7.7 

7.2 

8 8 

8.7 

9.8 

9 5 

10.9 

10 4 

7.2 

7 5 

6 2 

6 3 

9 6 

8 6 

7. 7 

8 0 

75-76. _ 

8.6 

7.7 

10.4 

9.7 

12.4 

10 2 

12.0 

10 0 

8 4 

7 2 

6 3 

6 1 

11 8 

10 3 

8 8 

9 0 

86-90 _I 

10.9 

9.7 

10.3 

9 9 

13.6 

11.2 

13 3 

11.3 

9.6 

9 7 

7.1 

6. 7 

12 4 

11 6 

9.9 

10 0 

97_ 

13.9 

11 3 

11 9 

12.6 

33 9 

38.1 

16.0 

12,1 









105-107_ 

23.6 


19.9 

19.2 





39,7 

37.2 

22 7 

21 8 





115_ . 







W.4 

17 9 









125-127 . 

81.4 

81.6 

73 9 

48 6 


-- - 



--- . 


-- 


17 0 

32 7 

22 5 

13 4 





DRY MATTER IN STEMS 







17-20.. 

4.5 

6.1 

4.6 

4 6 

4 9 

4 1 

3 9 

3 6 

:).8 

3 9 

3.9 

3 6 

3 6 

3.6 

3 7 

3 6 

28. 

4.6 

4 0 

6.2 

4 0 

3 9 

4.0 

3 8 

3.7 





1 




35. 



.0 

0 



. 


3 8 

3.9 

4 0 

3 9 

3 9 

4 1 

4 7 

4 4 

38-39.. 

4.0 

’6,3 

4.5 

4. 1 

4.2 

4 8 

4 2 

4.4 

3.9 

3 9 

4 0 

3 7 

4 2 

4.2 

6 1 

5 5 

48-62. 

4.2 

4.4 

4.8 

4 7 

6 6 

4 4 

4.7 

4 6 









62-64... 

4 2 

4.3 

4.8 

4 9 

4 7 

4 3 

4 9 

5.0 

3.8 

3.9 

4 0 

3 8 

4 8 

4.5 

*5 4 

5 7 

75-76.. 

4.6 

4.6 

5.1 

6.2 

4.2 

4 9 

4.9 

5 0 

3 7 

3.7 

4.0 

4.1 

4 9 

5 1 

; 5 4 

6,0 

86-00.. 

4.6 

4 3 

5.2 

5.2 

6 6 

4.9 

5.1 

6 I 

3.9 

4.2 

4.3 

4 6 

6. 1 

6 6 

5.8 

7 2 

97-... 

4 8 

4 6 

5.4 

6.2 

6 9 

6.9 

5.7 

5.4 









106-107. 

6.1 

17.6 

6.4 

6.1 





5.2 

10.8 

io 9 

7.8 





116.. 




.0 



7.4 

6.5 








126-127. 

^.3 

‘ 59 . 4 

19.0 

9,1 

— 

.... 

--- 



-■ 



"‘6. 6, 

16 4 

1 6.9 

”8.2 


DRY MATTER IN ALL TUBERS 


17-20. 

11.8 

10.0 

0.0 

0.0 

0.0 

0.0 

0 0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 0 

0.0 

0.0 

28-_... 

12.3 

11.6 

11.8 

.0 

7.9 

10.9 

.0 

.0 









36.. 









12.4 

12.0 

lis 

i2.9 

.0 

.0 

11.6 

.0 

38-39.. 

12.3 

11. 7 

12.4 

10.0 

12.6 

12.4 






48-62. 

13.6 

12.8 

12.1 

7.3 

12.6 

13.4 

10.0 

.0 

13.6 

13 0 

15.0 

14.1 

.0 

.0 

ii.6 

10.9 

62-64. 

14,3 

12.7 

13.0 

11.4 

14.1 

14.8 

11.6 

4.6 

15.2 

16 7 

14 9 

16.6 

11.9 

3.6 

13.0 

12.4 

76-76. 

16.3 

13.9 

15.4 

12.5 

15.3 

15.2 

12.7 

12.6 

16 0 

16.6 

16.3 

15.9 

12.9 

11.6 

14.3 

13.4 

86-W.. 

16.8 

16.5 

14.8 

14.4 

16.2 

16.8 

14.1 

14.2 

16 9 

17.6 

16.5 

16.9 

15.3 

13.9 

14.8 

16.2 

97__ 

16.0 

16.7 

15.9 

16.1 

16.3 

16.8 

16.9 

17.1 









106-107.. 

16.2 

14.5 

16.6 

17.0 





ILO 

17.1 

i4.'8 

14.4 





116.. 







16.6 

18.6 





126-127. 

15.9 


17.3 

i6.8 




::: 




1^8 

18.6 

16.5 

17.2 


J12*very early strain; 23-very late strain. 

> Symbols in parentheses are treatment identification. For complete statement concerning these treat¬ 
ments see table 1 and pp. 761-763. 
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The percentage of dry matter in the stems tended to increase as the 
season advanced. The percentage in the 16-hour cool-day plants 
was generally higher than in the 11-hour plants and in the northern 
than in the southern plants. 

With all treatments the percentage of dry matter in the total tuber 
crop increased rather steadily as the season advanced, but frequently 
decreased at the time of the last harvest (table 8). This increasing 
percentage of dry matter was associated with constantly increasing 
tuber size—the larger tubers consistently having the higher dry- 
matter percentages (table 8). 

Table 8. —Percentage of dry matter in tubers of strains 12 and 28 ^ of Triumph 
potatoesf as affected by tuber weight, temperature, day length, nitrogen supply, and 
time of harvest, 1935-36 



Southern condition.^, 1935-36 

Northern conditions, 1935-36 

Tuber weight range at harvest and 

Complete niitri- 

Nitrogent-defi- 

Complete nutri- 

Nitrogen-defl- 

fieriod elapsed since emergence 

ent solution 

cient solution 

ent solution 

cient solution 

(days) 

(S-l-)» 

(S- 

-)» 

(N+)a 

(N- 

-)* 


12 

23 

12 

23 

12 

23 

12 

23 

0.01 to 1 gm . 

PfTcent 

PerctfU 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

20 . . 

19 23 

16 53 

21 15 






36 .. .. . 

12.03 

11 85 

13.30 

12 78 


li.56 



4K- . _ ..... 

6.86 

7.54 

9.52 

7 58 


8 92 


16 86 

62. 

8.67 

6 88 

10 09 

H 91 

11.90 


7.20 

7.08 

76. 



11.06 

6.73 

7 28 

11.81 

3.51 

5.58 

90 .... .. .. . 

8 21 

8 24 

6.67 

9.87 

7.02 

5.81 

4.21 

4.32 

106. 

10.00 

7 10 

14.38 

3.89 





127. 





7. 76 

5.00 

7. 65 

5.00 

1.01 to 26 grn.' 









35. 

12,36 

12 61 

12 50 

12.87 





48. 

13.60 

12.89 

14.21 

14.40 



11.80 


62. . 

12 94 

19.89 

14 65 

16.67 

11.82 


13 03 

12.18 

76. 

13.65 

15.34 

14.68 

16 55 

12.29 

il. 61 

13.20 

11.89 

90.. .. 

13 82 

14 04 

14 77 

11 44 

14.62 

13.41 

13.02 

11.49 

105. 

14 59 

16 60 

14.60 

14 04 





127 ..... 





16.65 

14 48 

10.70 

7.78(?) 

25.01 to 75 gm : 








48... 

13 68 

13.17 

15 43 

13.82 



11.99 


62 . . ... . 

15 33 

15.27 

15.06 

15 44 



13 07 

12. 64 ” 

76 .. . .. ... 

16 13 

17 76 

15.43 

16.20 

is. 

”li.'46' 

I 14.92 

13.48 

90. ... . .... 

16.57 

17 94 

15.67 

15.44 

16 30 

14 28 

14.13 

14.28 

105_ 

16 60 1 


14,70 

14.23 





127. ...... 





18.39 

18.60 

15.75 


76.01 to 150 gm. 









62 . . . 

16 10 

16.04 







76. ... . . 

15 97 

16 44 


15 39 


. 

14.59 

ii’97*” 

90 ... . 

17 40 

17 35 

15.43 

16.64 

15 40 

14.17 

15.62 

15.89 

105. 

17. 38 

17 19 

15.07 

14.79 





127. . . .. . . ..i 




'i9.25 

20.65 

0 

16.45 

150.01 gm. or more 









90 .... . . .. .. 








14.44 

la*). ..... 






1 . 



127. 





” 26 . 69 ' 

19.01 

16. 54 

17.86 





j 

1 





1 12—Very early strain, 23—very late strain. 

2 Symbols in parentheses are treatment identification. For complete statement concerning these treat¬ 
ments see table 1 and pp. 761-763. 

On all exc(*pt the latest harvest dates the tubers of the plants that 
set the earliest tubers had the highest percentages of drv matter. 
Those from 11-hour cool days and southern conditions had the high 
percentages, those from 16-hour cool dajrs were intermediate, and 
those from northern plants were lowest in dry-matter percentage. 
The early-harvested tubers from nitrogen-deficient plants had higher 
percentages than tubers from balanced-solution plants but late in 
the season they had lower. At the last harvest time the northern 
16-hour cool-day tubers and tubers from northern high-nitrogen 
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plants had the highest percentages. These differences are the result 
of the great differences on any date in the size and physiological age 
of the tubers produced under various conditions. The tubers of the 
early short-day plants were always more mature and uniformly larger 
than those of early long-day plants just as tubers of nitrog('n-d(‘ficient 
plants were more mature than those from balanced-solution plants, 
especially under northern conditions. When tubers of about the same 
physiological age are compared the differences arc found to have been 
very slight. 

With 11-hour cool-day and southern plant tubers the percentage of 
dry inattei* increased very slowly after midseason and som(»times it 
decreased slightly. Probably some of the dry inattc'r was being dis¬ 
sipated from th(» tubers by their own respiration at the high tempera¬ 
tures prevailing late in the life of southern-day plants or in the life 
processes of the senile plants as they lingcTcd on. The high dry matt(*r 
in northern tubers late in the season was probably the result of the 
absence of practically all demands for materials for growth and thi' 
greatly reduced rate of respiration of plants and tubers. As a result 
ot all of these conditions there was a gre^at iiu‘rease in sur]ffus car¬ 
bohydrate's, and general rapid tuber enlarge^nent resulted. Tlu^ 
lower percentage of dry matter in the late nitrogen-de'ficient tube^rs is 
attributed to the weak condition of the' j)lants during a pi*olong(*d 
p(*riod. 

STARCH CONTENT OP TUBERS 

Analysis of tubers of different size sel(>cted from various trc'atinents 
on several dates in showed a rather definite tendency for starch 

content to inert'ase as tul)cr size increased (tabh* 9). When com- 


Table 9.- '-Percentage of starch (fresh basis) in tnbos of strains and JS i of Triumph 
potatoes as affected by tuber weight, tempeinture, day length, nitrogen supply, and 
time of harvest, 19df) S6 


Southern 


Northern 


oT.n | Comi)Iete iiufrJ- Nitrocerwlch- , (’ornplete miti i- Nitropen-ilefi- 
tiblr wetehVr^r at i-nt soluta.n cient salulinn .'ill soliitM.ri ,i..nl «<.lul..,i. 

(prams) 


4S days 
02 days 

1 01 'i.*) 

T.*) 01-150 
70 days* 

1 01-25 

2.5 01 -75 
7,5.01-150 
00 days* 

2.5 01-7.5 

7.5 01-1.50 

1.50+ _ _ 

10.5 days: 

1.01-2.5 
25 01-7.5 _ . 
7.5.01-1.50 
1,50+. . . 

127 days, 

1 01-2.5 

2.5 01-75 
75.01-1,50 - 
1.50 f . 


(S+) ^ 

(S 

’ 1 

( \ +) 

(N 


1 

23 

12 

23 

12 

23 

12 

23 

1 

I Percent 

Percent l*erctnt, Percent] Ptreent 

Percent 

Percent 

Pnetnt 

r, 00 



' 1 







9 27 

11 00 



7 .5h 


0 20 






7 .*)3 


10 74 

j 










10 2S 




7 01 


1 10 .54 


11 m 






1 10. .50 

- 


; 



10 12 


12 40 

11 .59 

11,27 

10 08 i 

11 31 

9 40 

1 0 8S 


i 11 .51 

11.71 

10 71 

11 08 1 

9 47 

1 9. 13 


10 69 

1 



j 




9 .56 

9 00 



i 


j 

1 


1 11.37 ; 


9 87 

9 8.5 ' 



, j 


11.74 

j 1 

10 46 1 

10 12 j 





- i 

j 


i 

1 

10 20 


6 92 ' 


1 

! 


1 

11 47 


11.24 ; 


1 


- 

1 

13 20 

13 96 


11.04 

- ■ I 

1 

^ ( 


1 

14 .5.5 

13.43 i 

11 43 ^ 

12.37 

' 


_ 

_ 




_ „ _ 


1 12“Very early strain; 23«very late strain. 

* Symbols in parentheses arc treatment identihcation. For complete statement concerning thi'.so treat¬ 
ments sec table 1 and pp. 761-76.*?. 
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K arisons arc made with data from tubers of the same size group, 
arvested on the same early dates, those from southern plants appear 
to have had more starch than those from northern plants, but, con¬ 
versely, on late dates the northern tubers had the higher percentage. 
However, when tubers of the same plwsiological age are compared 
these differences are not very great, it appears that tubers of the 
same size* and same physiological age, or harvested from plants of tlie 
same physiological age, have approximately the same percentage of 
starch and dry matter. 

COMPARISON OF RESPONSE OF TWO STRAINS 

When conditions were very favorable for extensive vegetative 
growth, as northern (N84, N + ) or with 16-hour cool-days (16C), 
plants of strain 12 (the first early strain) were frequently largest early 
ill th(‘ season but genetic limitations came into play and inhibited the 
growth of this strain rather abruptly during the early miilseason period, 
bringing on the early death of the plants. With strain 23 (the very 
late strain) these factors came into play later and more slowly so that 
the vegetative growth of 23 was greater. Under conditions restricting 
vegetative growth (southern and 11-hour cool) top growth of strain 23 
was only slightly greater or was less than that of strain 12. With a 
nitrogen (h'ficiency, plants of strain 23 were slightly larger than those 
of strain 12, responding about as with a complete nutrient solution 
(figs. 4, 5 and 6). 

Plants of strain 12 were always more compact, having noticeably 
shorter internodes, larger leaves, and leaflets and more and larger foli- 
oles (fig. 4). These diflerences recorded as leaf/stem ratios were very 
pronounced when the size of the plants of strain 23 exceeded that of 
strain 12 as with northern or cool 16-hour days (table 2). \\ith 
southern conditions or nitrogen-deficient nutrition the difference in 
h‘.afiness was less apparent. 

Thus it appears that when conditions were unfavorable for vegeta¬ 
tive growth or differentiation early in the season, there was little differ- 
(Uice in the growth of the two strains. When conditions in the early 
part of lht‘ s(‘as()n were v(‘ry favorable for vegetative growth the plants 
of th(‘. late strain grew to be very large, owing to prolongation of growth 
an(| differentiation and not to more rapid early growth. 

Und(‘r all conditions the stolon growth got under way somewhat 
quicker with strain 12 and was more extensive with this strain until 
tuberization set in (figs. 9 to 14). After that stolon growth was most 
extensivt* on strain 23 until it too set tubers. Whenever stolon growth 
was very extcnisivc' as under northern (N34, N + ) or 16-hour cool 
days (I6C) the dev<‘lopineut of stolons of strain 23 lagged rather far 
behind that of strain 12, but when early days were short (llC, S+, 
S34) or plants were grown with a nitrogen deficiency (S— or N —) 
there was very tittle difference (figs. 9 to 14). 

Tuberization alw'ays occurred earlier wdth strain 12 than with strain 
23. With 11-hour cool or southern days it occurred very early wnth 
little diffenuice between the strains. When tuberization occurred 
late, as with northern days, the difference between strains was about 
16 days, and with 16-hour cool days it was about 25 days When a 
nitrogen deficit existed there was little difference between strains in 
time of tuber setting. 
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Strain 12 generally set most tubers per plant with southern or 11- 
hour cool days (table 3). Under northern conditions and 16-hour 
cool days strain 12 had most tubers early in the season and strain 23 
had most in the latter part (except 1934-35 northern). Whenever 
the number of tubers of 23 exceeded those of 12 it was because of 



Figure 15.—Percentage of total fresh weight of tubers in various tiiber-weight 
classes w^hen harvested the indicated number of days after plant emergence, 
1935-36. Letters S and N indicate northern or southern conditions; -f ancl 
— signs indicate when nutrient solution was balanced or deficient in nitrogen. 
See table 1 for further information concerning treatments. The two classes 
of largest tubers are shown in percentage above the zero line, the other classes 
below. 

many tubers having been set late in the season. With a nitrogen 
deficit there was little difference between strains in number of tubers 
under southern conditions, but under northern conditions 23 always 
had fewer. 

With both strains many small tubers were resorbed after a peak in 
numbers had been attained. This peak occurred earlier with 12 than 
with 23, the difference in the time of peak occurrence corresponding 
approximately with the difference in time of tuber initiation. The 
number of tubers weighing in excess of 1 gm. was generally greater 
with 12 than with 23, although late in the northern season 23 liad more 
in 1935-36. 

In the 1935-36 series a higher percentage of the final total weight 
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of strain 23 occurred in the large-tuber groups than in strain 12 
(fig. 15). Most large tubers of strain 12 were nearly of the same 
size, and none grew to be very large, whereas in strain 23 one or two 
tubers were niuch larger than the others. With strain 12 all tubers 
were set within a very short time; with strain 23 tuberization was a 
trifle more gradual, and slightly fewer were set. 

The total production of tuber dry weight of strain 12 exceeded 
that of strain 23 at all early harvest periods with all treatments (fig. 
5 and table 4) and weights of tubers continued to be highest with 
strain 12 in the lots that were constantly cool (llC, 16C). Under 
northern conditions they continued to be greatest until very late in 
the season. Under southern conditions yields after midseason were 
most frequently greatest with strain 23 with either type of nutrition, 
but they were too variable to permit any positive deduction. The 
most striking difference was in the ability of plants of strain 23 to 
eventually respond much more than those of strain 12 to a liberal 
nitrogen supply after the 30-day initial starvation period, as shown 
in treatment S—h (fig. 8). 

Plants of strain 12 were somewhat more efficient in tuber produc¬ 
tion than those of 23, having very generally had higher tuber/top 
ratios (table 6). Under southern conditions there was less difference 
in these ratios than under northeni or continually cool conditions. 
The relative lack of adaptation of strain 23 to 16-hour cool-day con¬ 
ditions is brought out by the extremely low tuber/top ratio of strain 
23. Again it is evident that when conditions are adverse for extensive 
vegetative growth early in the season or all the season, environmental 
conditions almost obliterate genetic differences in tuberization habits. 

The mean daily tuber production is a means of measuring tuber¬ 
ization capacity at various periods. ITnder all conditions the daily 
rate was greater early in the season with strain 12 than with strain 23 
(table 5). With strain 12 the maximum production rate was attained 
earlier in the season and more quickly after tuberization set in than 
with strain 23, 

On the basis of milligrams of dry tuber weight per gram of dry 
leaf weight per day the rates were always highest for strain 12 very 
early in the season (table 5). They continued to be highest witli 
strain 12 under northern conditions till very late in the season. Under 
southern conditions they were highest with strain 23 in the midseason 
period. 

After analyzing the data in various ways it appears that under 
southern conditions strain 23 was most frequently capable of pro¬ 
ducing a slightly greater weight of tubers in midseason and later 
(table 5). This was probably due to the ability of the plants to 
remain green a little longer than those of strain 12. 

On any one date the percentage of dry matter in tubers was gen¬ 
erally higher for strain 12 than for strain 23, but this was due to 
differences in physiological age and size of tubers (tables 7 and 8). 
On any one date differences were least when tubers of both strains 
were nearly of the same size and age as under southern conditions or 
with a nitrogen deficiency. With tubers of the same weight groups 
the dry matter percentage was sometimes highest with strain 23, 
probably because of the tendency for the tubers within the group to 
ne larger than with strain 12. 
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There was little difference in starch content of the tubers from the 
two strains and any differences observed occurred in the same manner 
as the dry-matter differences (table 

SUMMARY AND CONCLUSIONS 

PLANT RESPONSE 

A. Triumph potato plants grown in 11-hour cool days produced 
very small plants, with very high leaf/stem and tuber/top ratios. 
These plants sot tubers very early on a few short stolons. The daily 
increase in tuber weight per plant or per gram of dry weight of leaves 
was very great in the early part of the season, but there was no in¬ 
crease after about the seventy-fifth day. The tubers had a rclativel}" 
high drv-matter content. 

B. plants grown in cool lO-hour days differed from those grown in 
cool 11-hour days as follows: 

(1) Plants were much larger and continued to grow several weeks 
longer. 

(2) Plants were less leafy as shown by lower leaf/stem ratios. 

(3) Tuber production occurred several weeks later; tubers wen* 
more numerous and were produced on longer stolons. 

(4) Total tuber weight was about the same by the time maximum 
weight was attained by 11-hour plants, after which tuber production 
continued to increase with 16-hour plants till finally t was approxi¬ 
mately twice as great. 

(6) The tuber/top ratios were always much lower. 

(6) The dailv increase in tuber dry weight per weight of leaves was 
much lower till after midseason. 

(7) Dry-matter content of vegetative parts was usually greater; 
dry-matter content of tubers from plants of the same age was ab()\it 
the same. 

C. Plants were produced under ^^southern” conditions, that is, 
days increased gradually in length and tem})erature from short cool 
days early to long warm days late in the season, and under “northern^’ 
conditions with long warm days early and cool short days late. I'lider 
southern conditions the response of the plants was very similar to that 
of 11-hour cool-day plants, whereas under northern conditions the 
response was similar to that of 16-hour cool-day plants. 

D. The southern plants differed from the 11-hour i>lants in the 
following respects: 

(1) Plants were smaller. 

(2) Tuberization occurred a trifle later. 

(3) The number of tubers was a. trifle smaller. 

(4) Tuber weight was considerably low er. 

(5) The tuber/top ratios were slightly lower. 

E. The northern plants differed from the 16-hour cool-day plants 
in having: 

(1) Less top growth. 

(2) Slightlv lower leaf/stem ratios. 

(3) Much later setting of a greater number of tubers which wTighed 
considerably less. 

(4) Lower tuber/top ratios (except late in the sea.^on with the very 
late strain 23). 
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F. Plants grown under northern conditions differed from those 
under southern conditions in having: 

(1) Much greater vegetative growth, vegetative parts eventually 
having weighed two to six times more. 

(2) Much lower leaf/stem ratios. 

(3) Many more tubers which appeared 30 to 40 days later on stolons 
which were much longer. 

(4) Low rate of daily tuber increase per plant before midseason and 
a very high rate during the last few weeks. 

(5) A much lower daily increase per gram of dry weight in leaves 
and consequently very much lower tuber/top ratios. 

(6) Higher dry-matter content in vegetative parts, especially as 
plants became older. 

(7) Probably a slightly greater starch content of tubers. 

G. Plants grown with a nutrient solution the nitrogen content of 
which was only 10 to 20 percent of that in a ‘^complete^^ nutrient 
solution differed from those grown with the complete solution as 
follows : 

(1) Vegetative growth was greatly restricted. Under southern 
conditions increase in vegetative weight practically ceased about the 
fiftieth day, but under northern conditions it continued 4 to 5 w^eeks 
longer. fLiventually the decrease in vegetative growth was greater 
under northern than under southern conditions. 

(2) Leaf/stom ratios were generally slightly lower. 

(3) Tuber setting occurred much earlier under northern but only 
slightly earlier under southern conditions. 

(4) The number of tubers was greatly reduced, especially under 
northern conditions. 

(5) The yield of tiibers on all e.xcept the first tw’^o harvest dates was 
much smaller under southern con<litions, but under northern condi¬ 
tions it was much greater till after the seventy-sixth day. 

(6) Tuber/top ratios were higher till the sixty-second day with 
j outhern and till after the ninetieth day with northern plants. 

(7) The percentage of dry matter w as lower in all comparable plant 
parts. 

(8) wStarch content of tubers appeared to be slightly lower. 

H. Under the light conditions of early spring at latitude and tem¬ 
peratures typical of the extreme Southern States, reduction in nitro¬ 
gen at the end of 30 days resulted in a slight reduction in vegetative 
growth and a brief acceleration of tuberization but finally in a great 
reduction in yield. Increasing the nitrogen content of the nutrient 
solution from 20 percent to 100 percent (complete solution) resulted 
in great increases in vegetative grow th and tuber production. 

DIFFERENTIAL STRAIN RESPONSE 

Under practically all conditions the vegetative grow^th of the very 
early strain of Triumph potato was slightly greater than that of the 
very late strain during the first several wrecks after emergence. When 
conditions were favorable for vegetative growth early or throughout 
the season the growth of the late strain wras greater, but if early con¬ 
ditions inhibited vegetative growth there w^as little difference between 
strains after the first few wrecks. When an external shortage of nitro¬ 
gen occurred undiT any conditions total vegetative growth was most 
extensive and prolonged with the late strain. 
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Plants of the early strain were always most leafy and compact as 
shown by higher leaf/stem ratios. 

Stolon growth got under way most quickly with plants of the early 
strain but generally was most extensive with plants of the late strain. 

The first tuber formation took place earliest with the earlv strains. 
Under southern, short-day, or nitrogen-deficient conditions tnis differ¬ 
ence was much less pronounced than under northern and long-day 
conditions or with a complete nutrient solution. Prolongation of 
vegetative powth appeared necessary to enable the late strain to 
set more tubers than the early strain. 

Prior to midseason the weight of tubers was always greatest with 
the early strains but there was little difference in final yield. When 
conditions became very favorable for tuberization late in the life of the 
plants, as under northern conditions or with the application of nitrogen 
to starved plants, the yields of the late strains were greatest. 

Early-strain plants were most efficient in tuber production as shown 
by higher tuber/top ratios and greater tuber production per day per 
gram of leaf weight. 

On the basis of the results reported in this paper it is evident that 
periodic harvesting of plants produced under conditions so controlled 
as to simulate dinerent combinations of environmental conditions is 
an effective and dependable means of analyzing strains or varieties 
with a view to determining their probable perfomiance or suitability 
in certain regions. With a relatively few plants in a comparatively 
few months it has been possible to discover the essential differences in 
strains of Triumph potatoes with more certainty than would have b(‘en 
possible in several years of field tests conducted at nimierous points in 
the United States. The results indicate that intrinsic differences 
between strains are much less evident or important in southern 
localities where the conditions early in the s(‘ason are (extremely 
favorable for tuber development than in northern lat(‘-potato regions 
where the plants start their growth in the hot midsummer days. 
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INTRODUCTION 

Investigations have shown that many factors affect seed setting in 
alfalfa (Medicago saliva L.). No fully satisfactory explanation, 
however, has been found to account for the major declines in yields 
of alfalfa seed and the seed-crop failures that have occurred in widely 
separated regions in recent years. Exceptionally high yields, ranging 
from 400 to 1,000 pounds or more of seed to the acre, have been 
reported for earlier years of production in the Arkansas Valley of 
Colorado and in the Uinta Basin and Millard County of Utah (f, 4)-^ 
In 1925 Utah produced 22 million pounds of alfalfa seed, which was 
approximately 40 percent of the Nation’s total of that year. This 
peak in production was followed by a decline in acre yields and a low 
total production, which since 1930 has frequently not exceeded 5 
million pounds annually. 

The general decline in yield of alfalfa seed in Utah appears to be 
partly attributable to bud damage and flower fall that have recently 
been shown to result from injury caused by Lygus bugs {Lygus hesperus 
Knight and Z. elisus Van Duzee). Z, elisus was early recognized by 
McGregor (S) as a pest of cotton in California and as having occurred 
on alfalfa as an alternate host. The Lygus problem in alfalfa-seexl 
production has been studied by Sorenson (10), who has contributed a 
knowledge of the biology and life history of Lygus in alfalfa under 
Utah conditions. Stitt {11) likewise has made an investigation of the 
occurrence and activities of Lygus in relation to alfalfa-seed production 
in Arizona. The present investigation was conducted in an attempt 
to determine the nature of Lygus damage to alfalfa and to obtain evi¬ 
dence of the importance of tliese insects in relation to a rapid decline 
in alfalfa-seed production in several formerly liighly productive 
regions of the Western States, 

^ Received for publication July 31,1040. Cooperative iovestigations of the Division of Forage Crops and 
Diseases, Bureau of Plant Industry, U. S. Department of Agriculture, the Utah Agricultural Experiment 
Station, and the Wisconsin Agricultural Experiment Station. The material presented here is based on a 
thesis submitted to the Graduate School of the University of Wisconsin in partial fulfillment of the require¬ 
ments for the degree of doctor of philosophy. 

^ The author gratefully acknowledges the helpful suggestions of O. S. Aamodt, formerly head of the De¬ 
partment of Agronomy, University of Wisconsin (now head agronomist in charge, Division of Forage 
Crops and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture), and other members of 
the stafi of the University of Wisconsin; the assistance of D. C. Cooper, assistant professor of genetics, 
University of Wisconsin, in the histologiccd studies; and the assistance of Fred R. Jones, senior pathologist, 
Division of Forage Crops and Diseases; 0. J. Sorenson. associate entomologist, Utah Agricultural Experiment 
Station; L. L. Stitt, junior entomologist, Bureau of Entomology and Plant Quarantine, U. S. Department 
of Agriculture; and C. H. Wilkinson, manager, Peppard Seed Co., Delta, Utah. Appreciation is expressed 
to Eugene Herrling, of the Wisconsin station, ana D. F. McAlister, of the Division of Forage Crops and 
Diseases, for assistance in preparing the photographs. 

* Italic numbers in parentheses refer to Literature Cited, p. 815. 
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TYPES OF BUD AND FLOWER DAMAGE IN ALFALFA 
SYMPTOMS OP LYGUS DAMAGE 

Severe bud damage and flower fall in alfalfa that are attributable 
to Lygus infestation are indicated in the field by whitish-yellow areas 
or strips that are conspicuous in contrast to the normal deep green of 
undamaged and healthy alfalfa. The discoloration results from the 
presence on the plants of dead, dried, and bleached buds and numerous 
raclxises from wliich flowers have fallen. The symptoms of damage 
vary with the ago of the alfalfa and with the intensity and time of the 
infestation. New growth under heavy Lygus infestation is often 
noticeably retarded. Stems are sometimes unusually short and thick 
and may b(' terminated by a cluster or rosette of many small and dis¬ 
torted racemes of buds. Heavy and prolonged infestation of older 
growth may frequently result in an appearance of *‘stringiness” of 
the plants, due to excessive brandling and leafiness that develop from 
profuse proliferation. In fields that have been recently irrigated or in 
areas of a field where the growth for some reason is exceptionally 
rank and succulent, alfalfa appears to be particularly susceptible to 
tliis damage when heavdly infested with Lygus, 

General bud damage in alfalfa is illustrated in figure 1. For com¬ 
parison, figure 2 shows racemes of healthy buds, flowers, and seed 
pods that arc borne on long peduncles or stalks. 

METHODS AND MATEUIAI^ 

The nature of Lygus damage to alfalfa buds was studied in artificially 
infested material, with the raceme^ or cluster of buds taken as a unit. 
Undamaged specimens were obtained for infestation by tying parch¬ 
ment bags over the tips of stems or branches from which previously 
formed buds and flowers had been removed, thus p(»rmitting tln^ 
development of new buds in the complete absence of Lygus, Racemes 
of buds from one-eighth to three-eighths of an inch in length were 
enclosed in sets of four per bag for infestation with either one or two 
adult Lygus, or were exposed to the natural bug poi)ulation of tlu' 
seed fields. Check treatments wen* obtained by enclosing racemes 
of buds without infestation. The different tr(*atments w(‘re applied to 
racemes of buds on the same plant, and they were rcp(*ate(l with a 
large number of racemes on several varieties and strains of alfalfa at 
different times during the seed-setting season. Tin* period of infesta¬ 
tion was varied from 20 to 48 hours, after which tin* insects were 
released and the bags w(*r(* replaced to prot(*ct the buds from further 
damage through chance infestation. For evidence of damage based on 
color, condition, and general appearance, an examination of the 
racemes of buds was made on the fifth to seventh day after the 
initiation of the infestations. 

A similar procedure was followed in an attempt to determine the 
effects of Lygus bugs on alfalfa flowers, except that the individual 
flower and not the raceme of flowers was taken as the unit. The 
flower on approximately one-half of the racemes were tripped by hand, 
aft^r which infestation was effected in the manner described for the 
buds, 

Infested and uninfested buds and flowers were preserved in formalin 
acetic alcohol for histological study. Green and unpreserved material 
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was useful in a study and description of the general symptoms of 
damage. Further details of Lygus injury could be identified best ft’om 
a microscopical examination of buds and flowers embedded and 
stained by ordinary methods. Microtome sections were cut 12m 
thick and mounted,in serial and chronological order to facilitate 
tracing the course and rate of spread of tlu^ cell disintegration origi- 



Fioure 1.-~ “Terminal portions of three alfalfa stems showing Lygus damage. 
The racemes of buds are small, unusually numerous, crowded, and generally 
discolored. A tendency to excessive branching and the development of short 
internodes near the stem terminals is slmwn. Specimens fn)m an alfalfa field 
heavily infested with Lygus bugs. (Approximately one-half natural size.) 

oj|444;{_„4i- 
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nating from punctures. Various stains were used. The best results 
were obtained witli Delafiold^s haematoxylin and with a combination 
of safrauin with light green. Details of cell structure and embryo 
development were shown especially well with Heidenhain^s iron-alum 



Figure 2. —Terminal portions of three alfalfa stems showing an approximately 
normal development of buds, flowers, and seed pods. A normal elongation of 
the internodes and the occurrence of the racemes of buds and flowers on long 
peduncles are shown. Crowding of the inflorescences is not apparent and most 
of the racemes have a large number of buds and flowers, a large proportion of 
which develop into seed pods. Specimens from an isolated plant far from 
cultivated fields of alfalfa. (Approximately one-half natural size.) 
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haomatoxylin. Generally unsatisfactory results followed a few attempts 
to trace tlu^ origin and course of the damage in buds and flowers 
without the embedding and staining technique. 

NATURE AND EXTENT OF DAMAGE 

The initial damage resulting from feeding punctures by Lygus is 
definitely localized. The extent of damage to young buds that may 
occui* under diATt^rent intensities of infestation is shown in table 1. 
A single puncture may be seen under the microscope as a small perfora¬ 
tion surrounded by a collarlike area of discoloration. (See pi. 1 and 
fig. 6.) Superficial evidence of damage to buds is indicated by a 
slight l)l(»aching that becomes apparent 24 to 48 hours after infestation. 
Death and complete disintegration of the injured buds may follow in 
a few days. Dead buds frequently remain attached to the floral axis 
and ndain more or less the size and shape they had at the time of 
injury. Discoloration and disintegration of injured buds begin at the 
punctures and are apparently caused by a toxic or irritant substance 
that is emitted with the saliva of the insects at the time of feeding. 
Tins observation is supported by the work of Smith (9), who studied 
the feeding methods of capsid bugs (Miridae) which are closely related 
to Lygus, H(‘ show^ed by removing the salivary glands of harmful 
and harmless spc'cies and placing them on apple fruit and foliage and 
pricking slightly the cells beneath with a fine needle that the damage 
is clnunical i-ather than physical in character. King and Cook (7) 
showed that Lygm bugs and closely related species feed by the same 
process, namely, by inserting their mouth parts into plant tissue and 
sucking the sap, but that more serious pathological effects follow' 
feeding by soim* species and individuals than by othei*s. 

Tvble I. " Average percentage of racemes of buds apparently normal and of those 
apparently injured (after ^0 to hours' infestation with Lygus bugs * 


i Racemes apparently in 
I condition indicated 

Iiifp'tation Plants Racemes '__ 





Normal 

Injured 

iS umber of Lygus to 4 rawmes of buds 

Number 

Number 

Percent 

Percent 

0 

! 29 

116 

80 0 

20.0 

1 

17 

68 

16 6 

84 3 

2- 

- ' 20 

80 ! 

13 7 

1 86.2 

Natural (ficM) 

26 

100 1 

25.0 1 

I 75.0 

* Condition of buds determined from 
to sexenth days after infestation heKan. 

evidence of damage based on color and apiiearanee on the fifth 


The inception and development of Lygm damage in alfalfa buds 
w^as show'll by infesting four normal racemes of buds w'ith four bugs 
for a period of 12 hours. After the insects w'cre released, the buds 
were again enclosed and left sufficiently long to allow' for the develop¬ 
ment of different degrees of damage. One raceme of buds was fixed 
for histological study at the end of the 12-hour infestation period, 
w'hile others were collected for preparation and study after periods of 
24, 36, and 48 hours. In some trials the infestation period w'as 
increased by 12-hour intervals up to 60 hours, after w'hich fixation of 
buds for histological study was made at 12-hour intervals. It was 



FXTLVWTOKV I.EGEM) KOH I'LVTE 1 

J, Loiipitudiiial section through a young b\jd from a ])lant damaged under a 
natural infestation in the field. Tlie course of a puncture tlirough the lloral 
(invelo])e is sliown; it extends into the ovary where an area of cell disintegration 
has been initiated. (Approximately 42 times natural size.) 

/i, Longitudinal section through an older bud that wa^ artificially inf(‘sted 
\Mth Lygxs. J..ocalized areas of discoloration and disintegration are shown in 
which the evidence of punctures has been largely obliterated (/f, a). Recently 
made punctures an* shown near the basal portion of the ovary and in tin* floral 
enveloi)e near the apex of the bud. A general disorganization of tin* bud ha^ 
resulted. (Approximateh 42 times natural size ) 

C\ Longitudinal section of a young bud that was infestiul for 4S hoiii'^. An 
advanced stage of disintegration is shown. Arrows point to punctures and 
centers at which disintegration began (Approximately 42 tunes natural size.) 

Small puncture made by an insertion of the proboscis and showing the 
early stage's of cell discoloration and disintegration. (Approximately 42 tunes 
natural size.) 

Two approximately 24-hour-old punctures sluiw ing a comparat i\ c*l\ (‘\tensi\ e 
area of di.sorganization and discoloration. (Apiiroximately 740 tinu's natural 
size.) 
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Camera Lucida Drawings of Alfalfa buds Damaged by Lygus. 
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difficult to trace the origin and course in the development of the 
damage after long infestation, or in material that had developed to 
advanced stages of deterioration. An infestation of from 12 to 24 
hours, with a comparatively short period in which the deterioration 
might develop, gave evidence that the bud damage had in most cases 
been initiated from Lygus punctures. Extensive disintegration of 
buds appeared also to have resulted, apparently from the effects of the 
toxic suDstance injected into the plants by the insects. 

A determination of the nature of Lygus damage in alfalfa canr>ot 
always be made from material infestt'd in the field. Advanced stages 
of bud disintegration sometimes obliterate all evidence of the original 
punctures. Identification, however, can usually be successfully 
made from artificially infested racemes of buds when sectioiu^d on 
the microtome, stained, and examined under the low power of tlu' 
microscope. Numerous punctures made by repeated insertions of 
the proboscis of the insect have been found within a portion of a 
single bud. Areas of disintegration absorb the stain more r(‘adily 
than th(‘ undamaged parts of buds and can thereby be easily recog¬ 
nized. Mechanical damag(‘ re^sulting directly from Lygus feH‘ding 
punctures is apparently of local and rather limitenl effect. It apperirs 
that major damage develops from secondary or indirect efiects, suede 
as diste^rterl ve'gedative growth anel profuse* proliferation, which are 
eliscussc'd in detail in a later sectiem of tliis paper. K(*e'ove*rv from the* 
efr(*cts of an infe*statie)n of slmrt eluration is se)me*time*s notice‘abl(* 
from 5 to 10 days after the applicatieui of an inse*cticide to remove* 
the inse*ets. 

BUD KeeSETTING 

Especially distinctive symptemis of Lygus elamage* to alfalfa re'sult 
from the* ele*ve*lopme*nt e^f raecine*s e)f ))uels near the* tips e)f main ste*ins 
anel branche*s into disklike or knoblike* structure*s callc*d re)sette*s 
(fig. 3). 

Bud resetting has bee*n shown to occur unele*r he*avy Lygus infesta¬ 
tion, but this, apparently, is not the emly cause* of abnormal bud 
d(*ve*lopment. The* conelitioii is common in Utah alfalfa fielels that 
are* setting a poe)r crop of se(*(L The compr(*sse*el state of the raceme's 
of buds appe*ars to re*sult from a failure* of the uppe*r inte*rnode*s nf a 
stern or branch to elemgate to the usual le*ngth, anel from a elilferential 
growth in the inelividual race*mes compe)sing the* cluste*r. Rei(‘e‘me*s 
of buels in a rosette* are, as a rule, small, eUscolore*d, anel tightly com- 
prosseMl. Fre*e|uently most of the*m fail to produce* well-develope*d 
clusters of flowers that set see*el poels, although conside*rable‘ variation 
has been observe*el in this rospe'ct, 

Buel re)se*tting ele*ve*lope*el in re*pe*ate*el trials on 8 or 10 se‘e*elling 
alfalfa plants from which all previously forine*el buds anel fle)W(*rs hael 
be*e*n rernove*el, whe*n e*nclose*d in che*esecloth cag<*s anel infe*sted with 
300 late*-instar anel adult Lygus. The rosetting be*came notice*able on 
the* thirel day of the* infestation wh(*n the original numbe'r of insects 
was doubled to increase the* sev(*rity of tlie e*ffects. The* heavie*r infes¬ 
tation re'sulte*el in a condition that was typical also of fie*ld plants 
outside of the? cage*s. A still further incicase in the* int(*nsity of the* 
infe*station was made at the (*nd of the fourth w^eek by the adelition 
of 150 Lygus to the survivors of the original number of bugs in each 
cage, which resulte*d in se*ve*r(* anel continueel damage to the* buels for 



Dec. 1, 1940 


Lygus Bug Damuge to Alfalfa 


799 


the' remainder of the season. Uninfested plants in check cages did 
not develop the ros(»tting, but produced an abundance of flowers 
from which only a few seeds pods were obtained, owing probably to 
the imfavorable effects of shading during the long period of enclosure 
and the failure of the flowers to become fertilized. 

The exact nature of bud rost'tiing has not been determined. Micro¬ 
scopic examinations of rosettes produced under controlled infestation 
have shown punctures and a bud disintegration generally characteris¬ 
tic of Lyguti damage. In addition, however, a disturbed growth and 
<lev('lopment in the stem t(‘rminal and bud primordia is apparent. 
Eggs of insects, which measurements have shown to correspond 
closely in size and form to those of Lygus, have frequently been found 
in ros(dt(*s and in the upper nod(‘s of a stem. Large cavities are also 
sometimes made in the* stem terminals during oviposition, and mo- 
cbanical destruction of plant tissue may result in some degree. Com- 


■i 


, X- 





I 


V 

•* 



Fkutre 3, A suppressed elongation of the apical internodes of alfalfa steins and 
the development of racemes of buds in clusters called rosettes. The condition 
occurs under severe Lygus infestation. Compare with normal condition (fig. 2). 
(A})pro\imately one-half natural size.) 

parativ(»ly little disintegration of cells has been noted surrounding 
(‘gg cavities. It is possible, nevertheless, that extensive mechanical 
d(*struction of cells near the stem tips during oviposition may affect 
the nonnal devt'lopinent of structures initiated from the growing 
jxunt and result as well in a suppn^ssed elongation of terminal 
internodes. 

BUD ABORTION 

l)amag(' to alfalfa described as bud abortion occurn'd in 20 percent 
of th(‘ raceiiu's of buds from which Lygus was (excluded in the con¬ 
trolled infestation experiments (table 1). Physiological conditions 
affecting growth and development of the buds, however, appear to 
be the principal causes contributing to this type of damage. Bud 
abortion is apparently not unusual, since it has been observed in 
greenhouse plants aiul was shown to develop in 21 of 29 field plants 
on which racemes of buds wen* enclosed for protection from Lygus, 
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Bud abortion in alfalfa is illiistratod in figure 4. The important 
charact(*ristics are the small size of the racemes of buds and the in¬ 
tense buff-colored bleacliing that is conspicuous against the green of 
healthy stems and leaves. The microscopic character of the bud 
disintegj'ation and briaik-down is shown in figiiri^ 5, in which it ap¬ 
pears to occur uniformly and over the whole raceme at approximatidy 
the same time. Damage resulting from bud abortion is distinctly 
unlike that which (h'velops from Lygus infestation. Bud abortion in 
alfalfa seed fields sometimes complicates the id(*ntification of Lygus 
damage, although the two types of damage a])pear distinctly unlike 
under microscopic t‘\aininalion. 

FIA)WKK FALL 

Flower fall in alfalfa may result from various cau.s(*s of which insect 
damage is of great iinj)orlance. Lygus injury to alfalfa flowers is 


1 \ 


1 ! 

/ \ 




1 




Fkjurk 4." Bud abortion in allalfa; m»t caused i>y but due to conditions 

that are unfavorabie to bud (hnelopmcnt and growth. (.4i)pro\i!nat(‘ly oiu*- 
half natural size.) 


shown in sectioned and stained material as punctures and lac(‘rations 
in the ovaries similar to that occurring in young buds. Damaged 
individual flowtTs, howev(‘r, abscise and are shed so soon after injury 
that discoloration or disintegration is not conspicuously noticeal)lt‘ 
while they remain attached to the plant. Exct'ssive flower fall in 
alfalfa occurred uiuhu* controlled Lygus infestation when either or 
i) bugs were enclosed with 7 to 10 flowers for 48 hours (table 2). 
The percentage of flowers falling was about the* sam(‘ with artificially 
tripped flowers as with those under natiiral d(»velopm(»nt, although 
a higher percentage of the surviving tripped flowers sed s(hhI pods. 
Numerous observations have shown Lygus bugs to be an important 
cause of excessive flower fall in alfalfa seed fiedds, although these in¬ 
sects are by no means the only cause of low^ yields and poor seed crops. 

Alfalfa is highly variable in its reproductive behavior and is some¬ 
times known to shod its flowers in the apparent abs(‘nc(‘ of destructive 
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insects. Brink and Cooper {2) have sliown that the dej^ree of effective 
pollination is very commonly a limiting factor for seed production. 
C\K)p(*r et al. {6) liave demonstrated that a failure of seed setting in 
alfalfa where the flowcus have been tripped to insure effective pollina¬ 
tion is apparently due to lack of fertilization even though pollen tubes 
an* present. The polI(*n 

tubes som(*times fail to ^ 

reach all the ovules, and . 

even wh(*n f(*rtilization ^ " 

is effected, embryo abor- JF' 

tion may occur at vari¬ 
ous stages in d(*V(*lop- 
m(‘nt. More rec(*ntly 
Tysdal {12) has shown 
the importance* of trip¬ 
ping insects, particu¬ 
larly wild bees of Nomia 
and M(gachile spc‘cies, 
as pollinators of alfalfa 
llov\(*rs, and he has 
shown that the presen(*e 
of th(*s(‘ ins(»cts in alfalfa 
s(‘ed fields is freejuently 
corr(*lat(*d with satis¬ 
factory yields of s(*(*d. 

The i\ature of Lggas 
damag(‘ to alfalfa 
(lo\N(*rs is illustrat('d in 
flgun* (). A puncture* 
has l)(*(*n made* through 
the* lloral envelope and 
into the low(*rextr(*mity 
of tlu* ovary. A col¬ 
lar! iki* ar(*a of discolora¬ 
tion surrounds the per¬ 
foration. Tin* originally 
small area of injury has 
become* e*nlarged and 
has resulte‘d in a partial 
disint(*gration of the 
lower one*-third of the 
ovary. A generally ex- 
te‘nsive are*a of damage 
is shown within the 
ovary and appears to 
have* elestroye'el about one-half of the ovules. Most of this damage 
appears to be traceable to the effc'cts of a single puncture. 

A conelition of alfalfa Hewers that fall from causes other than insect 
elamage* is illustrateHl in figure 7. A shriveling anel deterioration of 
the ovedes occurs without evielence of punctures, lacerations, or 
other mt'chanical injury, and with no indication of a deterioration due 
to toxic effects. The "appe'arance of the ovule's sugge'sts a failure in 
<le'V(*lo])ment elue to a lack of fe'rtilization, or an e'mbiyo abortion 



Ficii^RE o .—PilotomicTograph of median longitudinal 
section through a raceme of young aborted alfalfa 
buds. The bre^ak-down and disintegration of the 
individual buds is general and uniform over the 
whole raceme, in contrast to the localized disin- 
te'gration that follows Lygus damage. (Approxi¬ 
mately 25 times natural size*.) 
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following fortilization that has rosultod in the development of shriveled 
seeds. 

Table 2.- Average percentage of normally developed and of artificially tripped 
alfalfa flowers that fell while exposed to an infestation of Lygus bugs for 48 hours 
and average percentage of the total flowers that formed seed pods within 10 days 
after infestation period 


Flowers of irulieated treatment falliiiR during 
infestation jwiod and those setting see<i ])o<ls 
within 10 days after infestation * 


Infestation > 

Plants 

j Normal de\elopinent 

Artificial trlpp'.nR 



Flowers 

Settinp 

Flow ers 

' Setting 



falliug 

seed potis 

faliint; 

1 seed pods 

Nninher of Lygm |H‘r 7 to 10 flowers ! 

Xumbtr 

Prret lit 

Percent 

Percent 

Percent 

().. - 

40 

0 3 

10.3 

5.8 

52 2 

l 

IS 

32.1 

4.4 

32 I 

20 5 

2 

1.1 

30 0 

4 2 

:«) 4 

9 (1 

A 

.1 

SO 8 

2 1 

04 0 

20 S 


.5 

97 9 

0 

89 1 j 

5 

\atural (field).. . . 

40 

« 9 

1 

22 .1 

9 4 

38 fi 


1 Adult Lyguf ene’osed uith flowers in paper bajjN, released at the end of IH hours, after winch the Imik" 
were replaced over the flowers 

2 Keniainder of the flowers not fornnii}! swd immIs fell after the infestation |)eriod. 


SECONDARY EFFECTS OF LYGUS DAMAGE IN ALFALFA 

METHODS AND MATERIALS 

The pathological symptoms appearing in th(‘ buds and thc' damage 
suffered by alfalfa plants infested with Lygufi bugs led to inquiry 
regarding possible physiological disturbances in growth and re])ro- 
diictivf' development that might impair the plants for sei^d stating. 
Lygus infestation and insecticide treatments wen» applii'd to trans« 
planted, hill-spaced, alfalfa seedlings of Grimm, Hardislan, Kansas 
Common, and a heavy seinl-producing strain of a Wisconsin Grimm 
sf'lection. The plants of the different alfalfas woiv spaced U by 3 f(*(‘t 
apart in random order and within partly isolated blocks a rod s(|uan\ 
The special purpose of the isolation was to eliminate the drifting of tht^ 
insecticide from treated to untreated plots during application. 

Treatments were begun on June 20, when all plants w'(*r(‘ in tin* 
prebud stage of de^velopment and approximately S inch(‘s high. 
Infestation was (»ffect(»d by using chees(*cloth cages to confiiu' tlu^ 
Lygus bugs to the plants for a period of 24 hours. ()nc(‘ (‘stablish(‘d, 
the infestation w'as maintained by adding to each plant, from time to 
time, the number of bugs necessary to produce a damag(* approxi- 
mat(4y as severe as that occurring naturally in nearby alfalfa fi(4ds. 
Prev(Uition of damage by tlu' insects on control blocks was effect('d by 
the frequent application of a dry pyrethrum concentrate containing 2 
percent pyrethnns, in the proportion of 15 parts to S5 parts of colloi¬ 
dal or electric dusting sulfur as a carrier. 

Variations in the rate or frequency of application of the ins(‘cticide 
were not made, since a maximum control of the insects and a pr(*ven- 
tion of the damage* was all that w^as desired, infestation and control 
treatments W(*re applied to blocks in duplicate as follows: 
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Treatment 1. —Infested with Lygus bugs from the prebud stage to the full- 
bloom stage of development. Dusted after the full-bloom stage five to seven 
times weekly until seed harvest. Objective: To determine the effects of Lygus 
infestation during the early vegetative stages of growth and development of 
alfalfa, and the later effects on seed setting. 

Treatment 2. — No infestation; dusted five to seven times w*eekly from the 
prebud stage of development of the plants to seed harvest. Objective; To 
d(»termine the type of grow^th and development in alfalfa and the effects on seed 
setting when plants are comparatively free from Lygus infestation. 

Treatment .^.-~8aine as for 2, except the early buds and flowers were clipped by 
liand to approximate the damage resulting from Lygus infestation under treatment 



Fkjuke 6.-' Photomicrograph showing the effects of a Lygus puncture in the 
ovary of an alfalfa flower. .4, Oblique longitudinal section exposing the ovary 
and showing a puncture that has resulted in a discoloration of the ba.sal one-third 
of the ovary. Median longitudinal section from the same flower, exposing 
the ovules and the area of damage within the ovary. The localized nature of 
the damage is shown. The ovules in the upper one-half of the ovary are 
apparently free from injury. 

1, Objective: To determine the effects on growth, development, and seed 
setting in alfalfa when the loss of buds and flow’ers occurs from causes other than 
Lygus damage. 

Treatment 4* “Infested continuously with Lygus from the prebud stage of 
grow th and development until seed harvest. Objective: To determine the effects 
of continuous Lygus infestation on alfalfa, with special reference to effects on 
seed setting. 
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Treatment 5.- Uiiiiifosted and dusted from the prebud stage to the full-bloom 
stape of development. Thereafter, infested with Lygus until seed harvest. 
Objective: To determine the effects of Lygus infestation during the bud and the 
Ho\\(*r stage of alfalfa development in relation to seed setting. 

EFFEC TS OF LYCtTS INFESTATION ON EARLY OROWTH AND DEVELOPMENT 

OF AI,FALFA 

Tlie of the plants in the various blocks previous to 

infestation ranged from 6.9 to 9.1 inches. Fift(*en days after infesta¬ 
tion the infestcal plants had an average lieight of 12.3 incln^s, as coni- 

f pared with an average heiglit of 17.2 

inches for uninfested plants that w'ere 
dusted frequently. At the end of 22 
days, w'hen the plants were in full 
bloom, the average heights were 14.0 
and 21.3 inches for infested and 
dusted ])lants, resjieetively. Th(‘ 
(‘ff(‘cts of the tw'o treatments on 
growth of the plants ur(‘illustrat(*d in 
(igun* iS. Th(‘ ])hotographs w cm c^ 
taken to the same' scale to show th(‘S(‘ 

the (‘.xception of those' in oiu' block, 
d(*velop(‘d approximate'ly (he* sanu* 
number of main stemis (tabl(‘3). An 
a\('rag(‘ of 40.cS branches de*\ ele»pe'el 
on 3 main steuns of infeste'el plants, as 
e‘emipare*d with an ave*rage e)f 20.0 
e)n the'uninfc'ste'd and elnste'd plants. 
Wiele' variatieins in the* te'nde'ne’V te) 
preifiLse* branching was shown by 
plants within bleieks re‘ce*iving the* 
same* tre*atme*nt. Diffe'rence's in n*- 
speinse* to infe*station shown by tin* 
plants are preibably due, at h'ast in 
part, to a eliffe*re*nee* in the* inte*nsity 
or duration of the* inf(*station eiccur- 
ring w^ith individual plants wdthin t he* 
Figukk 7 - Phot<,mi(T..Kra|.h of a Exci'ssivo hraitciiiii},', 

alfalfa flower that has fallen from ^‘iich giv'e*s to affe'e'tc'd plants an ap- 
a raceme from a cause not din*ctly pe*aranee of ‘‘stringine'ss,” seams te) 
attributable to Lygus injury. A re*sult from a stimulation into activ- 
shrivdinK a..d dotorioration of the i,y of normallv .lormant nxilinrv 


normallv dormant axi larv 

ovule's IS shown, with no apparent 1 • , . i-’ 1 . r • • * 

damage to the floral envedope or tlie branch primordia due to Lygus injury 
ovary. The condition is typical of at apical growing points of main 
a large percentage of dehiscing al- stems and branches. Infested and 

falja flowers and mav result from uninfpsted plants developed aiiprox- 
failure* of ])ollination, lack of fertili- • . 1 

zation, or embrvo abortion. llliately the same number of l('a\^(*S 


tana nowers ana mav result irom uninfpsted plants developed aiiprox- 
failure* of ])ollination, lack of fertili- • . 1 

zation, or embryo abortion. llliately the same number of leavers 

on 3 main stems. The appearance 
and condition of the leaves, however, was strikingly different. An 
average of 21.8 perc(‘nt of leaves from infested plants w ere crinkled 
or misshaped, as compared with 1.6 perc<*nt of those from the* dusted 
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[ ilants. Attoinjits to produce tho leaf deformity by exposing young 
eaves to direct attack by the insects did not give rise to characteristic 
symptoms. It is possible that injury may occur indirectly to leaf-bud 
primordia and this results later in the development of crinkled and 
(ieformed leaves. An objection to this view arises from the fact that 
Lygm damag(‘ to young flower buds, which arc* probably less sensitive 



Fkiure S. - EfTiH’ts of h\jgus infetation on the early growtii and development of 
alfalfa plants: .1, Infested from prebnd stage to fiill-blooin stage of dovelo}> 
inent; By Uninfested and dusted fi\e to seven times weekly for the same })eriod. 

to injury than leaf-bud primordia, results in inim(*diate and complete 
deterioration. Nevertheless the variability in the number and pro¬ 
portion of crinkled and deformed leaves on plants within the same 
olock ami on diflFereiit blocks and the tendency to profuse branching, 
as well as crinkled leaves, suggest Lygus as a direct cause. 
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Table 3. —Comparative growth and development of alfalfa when infested at the 
prehud stage of development with Lygm bugs and when uninfested arid dusted ^ to 
7 times weekly with an insecticide 


(Irowth and develoi>meiit of alfalfa > 


Treatment 

Average height 


After 15 days’ treatment 

Before 

treatment 

After I.*! 
days 

After 22 
days 

Average 
stem i»er 
plant 

Average 
branches 
per stem > 

Average 
leaves 
I»er stem » 

Crinkled 

leaves 

Infested with Lyons' 

Inches 

Inches 

Inches 

Number 

Number 

Number 

Percent 

Block A _ 

7.1 

11.3 

14 0 

13.1 

34 ] 

79 

32 9 

Block B. 

9 0 

13.3 

15.0 

13 6 

47 6 

121 

,0 7 

Mean. _ 

8 0 

12 3 

14 5 

13 3 

40 8 

100 

21 8 

Dusted 5 to 7 times weekly. 
Buds not clipi)ed 

Block A _ - . . 1 

7 5 

15 7 

! 21 4 

13 0 

20 8; 

101 

i 1 9 

Block B 

' 9.1 

19 0 

1 22 8 

12 8 

27.8 

108 

1 ... “ 

Mean.- .. . | 

8 3 

17 3 

22 1 1 

12 9 

24 3 

i 104 


Buds clipfied. 

Blo<-k A 

6 9 

16 1 ‘ 

19 6 ! 

13.0 ' 

, 

21 3 i 

102 1 

2 9 

Block B . . . .1 

8.H 

181 ; 

22 0 i 

9 8 ] 

32 3 1 

120 i 

8 









Mean. . ... ' 

7 8 

17.1 i 

20 8 

11 4 ! 

26 H 1 

111 

1 s 


116 plants i)er hlwk. *3 mam stems. 

DEVELOPMENT OF PLANTS FOLLOWING REMOVAL OF LYGUS 

Tli(* Lygus bugs wtip romovod (‘ffoctively from infested blocks 
aft(‘r repeated and frequent application of the insecticide. Evidence 
of a general recoverj’^ from the effects of a relatively brief infestation 
also became noticeable 10 days after the removal of the insects. 
Growth occurring subsequent to removal of the ins(»cts gave' an 
appearance of having been superimposed on the pn'viously damaged 
steins and branches. The first buds and flowers to develop aft(*r th(‘ 
removal of the insects appeared on short branches, as showTi in figure' 9. 
Later, lonp'r stems and branches developed which had int('rnod('s of 
the usual length and buds and flowers borne on long peduncles, as is 
characteristic of normal and healthy alfalfa (figs. 10 and 2). 

No marked effects resulted from clipping of the early formed buds 
and flowers under treatment 3. Neither were harmful efb'cts ob¬ 
served to follow the use of the insecticide, at this stage of the in¬ 
vestigation. Growth and floral developm(*nt of frecjuently dustcnl 
plants were thought to bi' generally good and w'(»re apparc'utly normal 
in all respt'Cts. Buds ami flow'ers were produced in the abundance 
and succession characteristic of alfalfa growing under favorable con¬ 
ditions. Later it was observed that applications of ins(»cticidt‘s 
having sulfur as a carrier resulted in a slight burning of the (lowers, 
whicli damage has since been showui to result in n'diiced yields of se<‘d. 

EFFECT OF LYGUS INFESTATION IN THE FULL-BLOOM STAGE OF ALFALFA 

Lygus infestation initiat(Hl in tlie full-bloom stage of alfalfa resulted 
in damage to buds and flow(»rs and a condition similar to that com¬ 
monly observed in commercial seed fields when producing a poor crop 
of seed. Discolored buds and an excessive flower fall gave early 
evidence of damage, while resetting developed as a later effect. 
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Microscopic examination of injured buds showed characteristic Lygus 
punctures similar to those obtained under more closely controlled 
infestation. Growth and development of the plants were not re¬ 
tarded by late infestation. The usual ^‘stringiness/' however, gave 
to the plants an appearance of excessive vegetative development. 
In g(‘ncral flowers were produced abundantly, although most of them 



Fuuthe 9. “Stem from a Lj/gus-iiifested alfalfa plant showing distorted develop- 
irent and a tendency to excessive branching. Racein.es of buds, flowers, and 
seed pods that are apparently normal (fig. 2) developed on short branches soon 
after the removal of the infestation by frequent dusting. 

abscised early and before seed pods were form<‘d. The production 
of seed was also gtuierally poor. 

EFFECTS OF LYGUS INFESTATION ON SEED AND FORAGE PRODUCTION 

Seed yields from plants receiving different infestation and insecticide 
treatments differed strikingly (table 4). The highest yields of seed 
per plant resulted from uninfested plants that w^ere dusted frequently 



808 


Journal of Agricultural Research 


Vol. 61, No. 11 


to control Lggus, wliili' the lowest yields were obtained from those 
undusted and continuously infested. Differences in the yield of seed 
resulted also from variations in the time of applying the infestations 
to plants in diff(‘r(»nt stagi's of v(*getative and reproductive develop¬ 
ment. Generally good agrecunent in fields is shown by replicates 

_ of th(‘various treatments, which 

is evidence of a satisfactory con¬ 
trol of Lygus under the condi¬ 
tions of the experimi'ut. 

Mean yields of slightly nion* 
than 12 gm. of sec^d pi*r plant, 
which were obtained from llu' 
uninfested and dusted ])lants, 
are estimat(*d to be ecpiivalent 
to an acre yield of from 200 to 
300 pounds. This (‘stimat(‘ is 
based on the yields of many 1- 
y(*a r-old h i 11-s p a c (' d alia I fa 
plants at the IHnta Basin Alfalfa 
Seed Exp(‘rimental Farm of tlu' 
Utah Agricultural H\p<u‘im(‘nt 
Station in ycairs when successful 
s(U'd crops were pro(lu(‘(‘d. The 
approximation is subject to 
sonu' error owing to diirer(‘net‘s 
in the d(‘gree to whi(*h young 
hill-spac(‘(l alfalfa plants utilizi' 
efl‘ectiv(‘ly and effici(‘ntly the 
space allotted to each, l)nt is, 
nev(*rthel(*ss, of value as a nu'ans 
of providing some idea of the 
beneficial (db'cts that might Ix' 
expect(‘d from a control of 
Lggn.9, Tin* low average* yi(‘ld 
of 2.30 gm. of seed p(*r plant 
obtained from the plots infestenl 
wdth Lggus would not, on the* 
same basis of comparison, be 
Figure 10.—Type of ^row (h and reprodiic- J'Xpe'Cted to pay foi the costs ot 
live development on severely damaged harvesting and thre'shing. 



alfalfa plants following the removal of a The differences in yield of 
Lygux infestation Below the line: Re- sl,own bv illfosti'd' ami ill- 

tarded and distorted stem development • i ^ I i i ^ 

and excessive branching that is tvj)ical of socticide-tr(‘ated p 1 a n t s a r e 
the effects ()f on early gniwth and highly Significant statistically, 

development of alfalfa, except two Differences resulting from vary- 
branches at tlie extreme right. Above xime of the inf(*station 

the line: Growth and develoTiment that ^ i i 

followed the removal of the infestation, m ndatioii to stages m the d(*- 
Notc the normal elongation of the stem velopmeiit of till' plants are 
internodes and tlic devclopinent of ra- small but near tlu' border line 
cemes of buds and flowers on king pedun- low statistical significance, 
de^s, as ,s the normal condition in alfalfa eonsistently low yields of 

seed obtained under continuous 
Lygus infestation are evidt'iice that greater damage to seed production 
results from long and continued Lygus infestation than from short or 
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periodic infestations of limited duration. More serious damage to 
seed production seems to have resulted from Lygus infestation in the 
full-bloom stage than from infestation in the early stages of vegeta¬ 
tive development. Infestation at any time, however, may be expected 
to result in some damage. Clipping the early buds and flowers of 
uninfested and dusted plants, as in treatment 3, produced no statis¬ 
tically significant eflfect on seed production as compared with treat¬ 
ment 2, in which they were allowed to grow and to which the same 
insecticidal treatment was applied. 

Table 4. —Average yield of seed in grams per plant of 16 alfalfa plants (per block) 
spaced uniformly in square rod blocks when infested with Lygus bugs at various 
stages of growth and development and when urnnfested and dusted 5 to 7 tunes 
weekly with an insecticide 


Yield and quality of {seed 


Treatment of alfalfa plants ‘ 

Average seed iier plant 

Average 

Block A i Block B 

1 _ 1 .. _ ^ 

Mean 

proportion 
of good 
seed 

1 Infected diiriiip the prehud sta};e and (iusteri in later 

j (irnniK flram't 

drams 

Percent 

hlooin stages ..... i 

1 5 80 1 8 a.*) 

7 07 

75 8 

2. No infestation, frequent dusting . 

1 n Kf* I 10 13 

10.99 

83 0 

H Same as 2 (early budf' clqiticd) ... , 

1 12 .*>1 14 85 

13 OH 

80 2 

4. Continuous infestation 

3 15 ' 1 4() 

2 30 

48 6 

5. Ousted during the prebml stage and infested in 
hloom stage .. . . i 

! 2 91 ' 4 25 

1 3,58 

03 0 

Significant difference (.Vperceiil point) . 


! 3 59 

! 18.5 


I For complete description of treatments, see p 8(W 

Significant differences were obtained in tlie quality of th(‘ seed pro- 
diictul under continuous Lygus infestation and that produced under 
fr(*quent insecticide treatment (table 4, last column). Lygus is, there¬ 
fore, shown to afft'ct the (luality and value of alfalfa seed, as well as 
to damage buds and flowers. A high shrinkage in reeh'aning, wliich 
in sornt' cases exceedt'd 50 percent, has occurred in commercially pro¬ 
duced crops in ytqirs when Lygus has been suspected os a cause of the 
low yields. 

The average' weights of air-dry forage produced by the alfalfa plants 
under different infestation and insecticide tn'Otments are given in 
table 5. Generally good agreement in some cases and wide differences 
in otlu'rs are shown betweeui the mean weights of the plants in the two 
r('plicat(\s of tin' treatments. A statistically significant difference is 
shown between the mean weight of the plants iiiuh'r continuous Lygus 
infestation and that of the plants in the other treatments. The data 
an' probably insufficif'iit to permit definite conclusions as to the effects 
of Lygus on the vc'getative development of alfalfa. Gc'iieral expe¬ 
rience ami observation in the production of alfalfa seed under Lygus 
infestation have shown that on good soil and with a not too restricted 
water supply, vc'getative growth sometimes becomes excessive to the 
extent that cutting and threshing of poor seed crops bc'comes difficult 
and costly. It is not known definitely, how('ver, whether this e.xccss 
growth results from a failure of the plants to set seed or from a stimu¬ 
lation due to Lygus injury (fig. 11). 

29444a- 41-4 



810 


Journal of Agricultural Research 


Vol. 01, No. 1 



Figure 11.— Comparative growth and vegetative development of LygusAniested 
and uninfested alfalfa plants: Continuously infested from prebud stage of 

development to seed harvest (treatment 4); uninfested and dusted five to 
seven times weekly for same period (early buds and flowers clipped; treatment 
3). Photogra[)lis taken to the same scale. Compare the ground covered by 
the plants for an idea as to their relative size. 
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Table 5. —Average weight of air-dry forage in grams per plant of 16 alfalfa plants 
spaced uniformly in square rod blocks when infested at various stages of growth 
and development with Lygus bugs and when dusted 6 to 7 times weekly with an 
insecticide 


Treatment of alfalfa plants i 

Yield of air-<lry forage 

Average weight of air-dry forage per 
plant 

Block A 

Block B 

Mean 

1. Infested during the prehud stage and dusted in late bloom stage - 

2 Noinfestation; frequentdusting . . . 

3. Same as 2 (early buds clipped)-. 

4 Continuous infestation. ... _ 

T). Dusted during the prebud stage and Infested in bloom stage .. . 

Significant difference (5-i)ercent point)_ _ _ ...| 

Qrams \ 
215 
192 
204 
254 
207 

Grams 

217 

214 

200 

259 

237 

Grams 

216 

20:i 

206 

256 

222 

. -- 


29 


• For complete description of treatments, see p. 803. 


DISCUSSION AND CONCLUSIONS 

It is in rec(‘nt yf'ars only that attention has been given to Lygus 
bugs as pests in alfalfa seed production. While these insects arc 
known to b(‘ widely distributed and to feed on a variety of native and 
cultivatc'd host plants, comparatively little is known of their occur¬ 
rence in alfalfa seed fields prior to the general onset of alfalfa seed 
crop failures in Utah. However, evidence gained from a study of 
the biology, life history, and general habits of Lygus in relation to 
alfalfa seed production (iO); their occurrence and the intensity of the 
infestations in relation to alfalfa seed setting {11) \ and the nature of 
the damage, as determined in the present investigation, leaves little 
doubt as to the great importance of Lygus as a factor in alfalfa seed 
production at the present time. Since the Lygus species damaging 
alfalfa are native to western America, it is highly probable that they 
have been presemt in the alfalfa seed fields of the Western States for 
many years. It is not clear, however, as to how, when, and why 
they have appanuitly only recently become sufficiently numerous to 
constitute a pest of prime importance. 

Brues {S) has shown that insects sometimes change their food 
habits and are known to leave their wild host plants and adopt new 
food plants among cultivated crops. Two weeds of the family 
Chenopodiacoae that are known to harbor Lygus in large numbers 
have become widely distributed in Utah alfalfa seed-producing areas 
since the land was first brought into cultivation. The best known 
and most widely distributed is Russian thistle (Salsola pestifer A. 
Nels.) and the other is smother weed (Bussia hyssovifolia (Pari.) 
Kuntze). Chenopodium species were early reported oy McGregor 
(8) as the most common of the native host plants of Lygus elisus in 
the Imperial Valley of California. Winslow et al.* reported declining 
yields of alfalfa seed as beginning with the advent of sugar-beet seed 
growing in the Hemet Valley of California, which is significant in 
view of the fact that Lygus is also recognized as a pest of sugar-beet 

* Winslow, E. M., Huberty, Martin R., and Stitt, Loyd L. progress report si’Evey of alfalfa 
SEED, HEMET VALLEY. Agr. Ext. Serv., Riverside, Calif. 8 pp. 1938. [Mimeographed.] 
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seed production in Utah by workers in the Division of Sugar Plant 
Investigations of the Bureau of Plant Industry, United States De¬ 
partment of Agriculture. Furthermore, somewhat limited experience 
by the Division of Forage Crops and Diseases in growing seed of 
improved strains of alfalia in Utah has shown severe Lygus infesta¬ 
tion and damage to develop on blocks adjacent to sugar beets. Less 
damage has been observed on blocks adjoining grassland, winter 
wheat, and fallow. Various conditions and complex ecological rela¬ 
tionships may, therefore, be given consideration in an attempt to 
explain why Lygus has reached its present status as a major pest in 
alfalfa seed production. 

Complete information is lacking also as to the conditions under 
which marked declines in yield of alfalfa seed have occurred. Cer¬ 
tain striking similarities may be noted in the gencTal s(H|uence of 
events that have led to low yields of alfalfa seed in several widely 
separat(Hl regions. Production began in west(‘rn regions, as a rule, 
on virgin soil and with a comparatively small acreage. TIk' yields 
in th(‘ (‘arly years of production were olUm high, ranging from 400 to 
1,000 pounds or more of S(»ed to the acre. A peak in total production 
resulted, follow(‘d ])y declining yields and a low total production. 
While new hinds were available, seed-producing areas were developiul 
rapidly in new regions and seed growers continued production with 
profit for many years in succession. At the pnvsent time, certain of 
these same regions are characterized by frc'quent s(‘ed-crop failiir(‘s, 
low acre yields, and generally low total production of alfalfa seed. 

A few acH's of alfalfa were planted on virgin land in the bottoms of 
Wall Wall Valley on the western desert of Utah in the summer of IDIhl. 
The s(were bmi damage and flowi'i* fall that are typical of Lygus 
injury were observed in the area the following vcair. Sweepings with 
an insect net showed the Lygus population to be as high as that in 
representative fields in the older alfalfa seed-yiroducing n^gions of 
Utah and Idaho. The observation is of sjiecial intcTest because' of iho 
fact that the planting of alfalfa was the first to ho made in the rc'gion 
and no othea* alfalfa fields we're known wuthin a raelius eif apjiroximately 
30 miles. The infe'statiem had evidently eh'vedoped through migration 
of Lygus from the native host plants of the desert. On the other 
hand, senne outstanelingly successful seeel crops have been re‘porte*el 
from fie'lels boreh'ring on the eh'sert during a pe'rioel of seed-crop failure's 
in older seed-producing areas in Utah. 

Carlson and Stewart {5) and Carlson [4) reporlrel yie'lels eif alfalfa 
seeel from experimental trials that range'el from less than 50 to meire' 
than 800 pounds of seed to the acre', elepending upon tre'atments, 
varietie'S, soils, and seasons. The observed symptoms eif damage to 
the buds and the excessive fioww fall associated wdth some of the' low^ 
yields seem to afford unmistakable evidence that Lygus elarnage, as it 
is now known, was present in the fields, and the inseeds were probably 
an important cause of the poor seed setting. Plots that proeluccel 
maximum yields in one year frequently gave exceptionally low yields 
the following year and vice versa. Wide variations in yields occurred 
among plots receiving similar treatments in the same year and in 
diffen'nt years. It has been shown (table 4) that severe Lygus 
infestation in the full-bloom stage of alfalfa resulted in greater damage 
to the seed crop than did infestation in earlii'r vi'getative stages of 



Dec. 1, IWO 


Lygus Bug Vamage to Alfalja 


813 


plant development. Yield fluctuations among plots receiving the 
same cultural treatment are, therefore, at least in part, probably 
explainable on the basis of differences in the severity and time of 
occurrence of Lygus infestations in the various plots. 

Fluctuations in yield of alfalfa seed in commercial fields are fre¬ 
quently as great as those reported for experimental plots and seem to 
be attributable to the same general causes. Yields of alfalfa seed 
reported to exceed 800 pounds to the acre were being produced on 
scattered and isolated ranches on the western desert of Utah only 
90 miles distant from the areas of outstanding sec^d-crop failures in 
Millard County in 1934. (jenerally high acre yields of seed and high 
total production were obtained in northern Utah and southern Idaho 
for several years when seed-crop failures occurred in the formerly highly 
productive areas of Millard County and the Uinta Basin of Utah. 
More recently, a d(^cline in production has been noted in certain 
regions of northern Utah and southern Idaho, while a marked im¬ 
provement in conditions favoring seed setting in alfalfa has become 
apparent in portions of Millard County. These wide fluctuations in 
seed yields within relatively small geographical areas seem to offer 
unmistakable (evidence of the effects of local factors rather than general 
climatic chang(‘s. In addition, symptoms of damage attributable to 
Lygus and the presimce of the insects in seed fields at critical periods in 
the developnnuit of th(‘ se(‘d crops are strong evidence that these bugs 
are in some way responsible for the low yields of seed, especially wlu'n 
conditions an* otherwise apparently favorable for seed production. 

CONTROL OF LYGUS 

Sorenson (10) re))orted that the application of insecticides for the 
control of Lygus on a large scale is insufficiently effective to justify 
the cost and that the bugs possess a high natural resistance to most 
insecticides now available. However, in the present investigation, 
the frequent ap])lication of pyrethrum conc(»ntrate and sulfur to small 
plots resulted in considerable improvement in seed production, but 
parti(uilarly in the condition of the buds and flowers previous to pod 
s(‘tting. The average yields of seed per plant on 10 seed-increase plots 
that were dusted fn^quently during the growth of the seed crop in 
1938 were approximately 10 times tliose from similar plots in 1937 when 
the insecticide was not applied until after severe bud damage and flower 
fall had occurred. The improved yields resulting from the use of the 
insecticide in 1938 are especially significant in view of the fact that 
the alfalfa seed crop of that year from the commercial fields in the 
region in which the trials were conducted was one of the poorest on 
record. 

Increased yields of alfalfa seed have resulted in some cases from 
various cultivation and sanitation practices attempted by commercial 
sc'od growers. Some of these methods have not been tested under 
experimental control in Utah, and recommendations cannot, therefore, 
be made at this time. In one case, a iy^r^/^-infested alfalfa field in 
which diy grass was burned following the removal of the first hay crop 
showed a striking improvement in the appearance and condition of the 
buds and flowers on the subsequent growth of the alfalfa. The seed 
produced after the burning was reported to have (exceeded 200 pounds 
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to the acre and was the best that had been produced in the field for 
several years. It was obvious from inspection that this seed crop was 
superior to those in adjoining unburned fields. Owing to prolonged 
drought during the spring of the following year, the grass was too 
scanty to make burning an effective method of destroying the insects 
in the field, and it was not therefore attempted by the seed grower. 
The hay, however, was cut at the usual time, and the treatment of the 
field was the same as in the previous year except for the burning of the 
grass. The effect was that the alfalfa became heavily infested with 
Lygus, severe damage was caused to the buds and flowers, and a 
generally distorted devc^lopment of the plants was in evidence. The 
seed crop was generally poor and was reported as not exceeding 100 
pounds to the acre. 

SUMMARY 

An investigation was made to determine the effects of Lygus bugs 
(Lygus hesperus Knight and L. elisus Van Duzee) on alfalfa {Mrdlcago 
satira L.) in relation to seed setting, and to gain cwidence of the extent 
to which these insects have been a factor contributing to a rapid 
decline in alfalfa seed production in several formerly highly productivi^ 
seed-growing regions of the Western States. 

Several types of bud damage are found in alfalfa. A iiK'chanical 
localized damage has been shown by controlled infestation to result 
directly from punctures and lacerations made by tln^ month parts of 
feeding Lygus bugs, although pathological effects dewelop indirectly 
from the initial damage caused by the insects. Damaged buds show 
discoloration and evidence of deterioration in from 24 to 48 hours after 
injury. A rapid disintegration of the buds that apparently results 
from a toxic substance emitted with the saliva of the feeding insects 
follows injury. 

Rosetting has been shown to occur under heavy Lygus infestation and 
is characteriz(*d by the development of racemes of buds lu^ar tlu' tips 
of main stems and branches into disklike or knoblike clusters. 

Bud abortion, another type of damage occurring in alfalfa, is ap¬ 
parently not attributable to Lygus infestation, but rather to physio¬ 
logical factors and conditions unfavorable to bud growth and 
development. 

Individual alfalfa fle)wers abscise and are shed soon after injury by 
Lygus. Damage to flowers results mainly from punctures in the ovary 
or other succulent parts. However, all flower fall in alfalfa is not 
attributable to insect damage, but may be due also to factors affecting 
fertilization and embryo development. 

Lygus injury apparently also affects the vegetative growth and 
development of alfalfa. Young growth when heavily infested is 
definitely retarded, and shows a tenchuicy to excessive branching. A 
high proportion of the leaves of heavily inf(»sted plants may be crinkled 
or deformed. 

Changes in the character of vegetative growth and reproductive 
development of alfalfa plants follow removal of a Lygus infestation. 
Evidence of recovery from damage usually becomes noticeable within 
10 days. 

Bleached and discolored buds give (^arly indications of Lygus damage 
to alfalfa infested in the full-bloom stage of development. Rosetting 
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develops as a later effect. Vegetative growth of alfalfa is not retarded 
by late infestation, but severe damage to the buds and flowers may 
result. 

Uninfested plants that received frequent applications of an insecti¬ 
cide gave significantly higher yic'lds of seed than did infested plants. 
Infested plants, however, gave a significantly higher yield of air-dry 
forage, but it is not known whether the increased yield of forage 
resulted from the effects of Lygm injury or from a failure of the plants 
to set an abundance of seed. Numerous observations made during 
survey studies to determine the cause of alfalfa st^ed-crop failures have 
shown serious damage to alfalfa to result more or less directly in 
proportion to the Lygus population of the seed fields. Lygus bugs are, 
therefore, regardc'd as an important cause of the major alfalfa seed- 
crop failures in Utah. 

The importance of Lygus as a factor affecting alfalfa seed production 
in ITtah is evident also from the nature of the damage to the buds and 
flowers, and bv the significant improvement in the yield of seed that is 
eonsislently obtained wlnui Lygus bugs are effectively controlled. 
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TOXIC EFFECT ON GERMINATING SUGAR-BEET SEED OF 
WATER-SOLUBLE SUBSTANCES IN THE SEED BALL* 

By Bion Tolman, assistant agronomisty and Myrok Stout, assistant physiologisty 

Division of Sugar Plant Investigations, Bureau of Plant Industry, United States 

Department of Agriculture 

INTRODUCTION 

Differences among sugar-beet varieties in the rate of seedling 
emergence are commonly observed. These varietal differences are 
generally more pronounced under laboratory conditions than in the 
field and may be apparent for a long or short period of time, de¬ 
pending upon the varieties under observatioii. 

Results ^ obtained by C. H. Smith, of the United States Sugar Plant 
Field Laboratory at Salt Lake City, Utah, had shown that washing 
tlie seed balls in water prior to planting accelerated germination and 
that water alone was as effective as any of an extensive series of salt 
solutions at various concentrations. These results are in line with 
the findings of Stehlfk and Neuwirth (18),^ who concluded that a 
preliminary soaking in water was ecpial to any other seed treatment to 
which stimulative action had been attributed. No suggestion was 
made as to what was accomplished by washing or presoaking of seed. 
The rather inconclusive and contradictory findings on the debated 
issue of seed stimulation are reviewed by these authors, who challenge 
the evidence on seed stimulation. 

The presence of substances in the seed or seed coat of several seeds 
that eitiier inhibit or stimulate germinating seeds has been reported. 
Axentjev (J) reported that the inhibiting action of seed extracts is not 
dependent upon fluorescence, and that seed extract of Phacelia may 
inhibit germination before it is exposed to light. He stated that the 
action of Phacelia seed extract was not specific but that it inhibited 
the germination of some seeds and stimulated others. Mosheov {12), 
in reporting his work relative to the presence of germination-inhibiting 
substances in wheat, stated that the substances are not heat stable 
and that the inhibiting effect is greater in light. Lehmann {10) 
ref)orted the presence of heat-labile, germination-inhibiting substances 
in the hulls of buckwheat seeds. 

Juices from fleshy fruits have long been known to retard or inhibit 
the germination of seeds. Oppenheimer {IS, Iff) first postulated the 
presence of specific inhibitors in fruit juices addition to the osmotic 
effect. He was later supported in his conclusions by Fukaki {5), 
Reinhard {If)), and Kbckemann {8), Lavialle {9) and Litvinov {ID 
claimed that the inhibitory action was almost entirely due to the 
osmotic pressure of the fruit juices. 

The germination of sugar-beet seed may be influenced by several 
factors, such as vigor of the embryo, seetl-ball structure, and the 
environmental factors imposed. That substances may be present in 
the seed ball that either hasten or retard germination seems not to 
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liave been heretofore considered. The experiments herein reported 
relate to the toxic effect on germinating sugar-beet seed of water- 
soluble substances in the dried fruit of the sugar beet, and the relation¬ 
ship of these effects to laboratory procedure in germination tests. 

MATERIALS AND METHODS 

Four sugar-beet varit'ties developed in the curly top-resistance 
breeding program, Nos. 5194, 550, 523, and 08, were used in these 
studies. According to th(‘ experience at the Salt Lake City labora¬ 
tory, variety 5194 gi^rminati'S extremely rapidly, whereas variety 68 
germinates so slowly that it has been a rather common practice to 
plant it a week in advanc(‘ of some other varietic‘S when relatively 
uniform emergimce from tin* soil was desired. The other two vari(^ti(‘S 
are intermediate in germination rate. 

In commercial usage, the term '^sugar-beet seed^' reftTs to tlu' 
glomerules made up of tlie matured flow ersof the beet. Tlu'glomt'ruh', 
or seed ball, may eontain from one to several true sei'ds. In these 
experiments, comparisons of rate and total germination W(*re made 
with seed balls and the naked seeds freed from the surrounding en- 
velopi'. The naked seeds were obtained readily in (piantity by grind¬ 
ing the seed balls in a hand coffee mill set to grind coars(‘ly. Unin¬ 
jured se(»ds freed from all pericarp tissue were picked out from tin* 
brok('n seed balls. For convenience, in this paper the term "peri¬ 
carp’^ is used to designate* all parts of the s(*ed ball that are not s(»(*ds 
and includes the* ripened ovaiy wall and closely redated parts, such as 
the base of the perianth anel the re*ce])tacle. 

Two points of pre)ce‘elure prove*el to be rathe*r crucial in the prope*r 
evaluation of factors influe‘ncing the germination of sugar-bee*t se*eel. 
By the use of both seeel balls and nake*d seeel it w as pe)ssible‘ te> cennpare* 
the germination of the* true sennl in coniu'ction with anel inele*pe*nde‘nt 
of its pericarp. The^ use* of a thin cotton substratum in Pe*tri elish 
germinators preve*nted the leaching of water-soluble* substances from 
the pericarp and also made it possible to see* the* se*e*ds at all times. 
On several occasions striking difference*s were observe*d in the* condi¬ 
tion and rate of growth of sprouts, which indicate*el further elamage 
than that shown by the number of seeels that failed to germinate. 

Water-soluble substances from intact seed balls anel from perie*aip 
tissue were similar in their e'ffert on the germination of naked se*eels. 
The extracts were* obtaine*d by soaking seed balls at roenn te*mperatiire 
for 20 hours in five times their weight of elistilleel water, and filtering 
the liquid through filter paper. The cotton substratum in the Petri 
dishes was then moistened with 9 cc. of the filtrate*, afte*r which 50 
nakenl seeds of variety 68 were pilaced in each elish. The*, lids were* 
then replaced and the dishes held in the dark at approximately 24° C. 
The decrease in rate anel total germination of nakeei see‘ds in the Pe*tri 
dish when water (extracts from seed balls were used, as compareel 
with results obtained when distilled water was used, was taken as 
the measure of the toxic effect of each extract. Throughout the tests 
of extracts, naked s(*eds of variety 68 were used because they wn*re 
uniform and easier to obtain. Repeated tests had shown that naked 
seeds of other varieties gave entirely similar responses. 

From two to four replicates were used for each variety or treatm(»nt 
and the data were analyzed by Fisher’s variance method (5). An 
analysis was made on the data obtained at each germination count 
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and also on the combined data, including all hours of count for each 
experiment. This made it possible to measure the varietal or treat¬ 
ment differences in both rate and total germination. In any single 
experiment there was not a significant difference between the errors 
for the separate hours of count. In view of this, the general error 
derived from the combined analysis of all periods of count was used. 
The data for each hour of count are taken from the same Petri dishes, 
so the analysis is very similar to a main and subplot arrangement (4)- 
The analysis of the data in table 2, for (‘xample, was keyed out as 
shown in table 1. 


Table 1,— Analysis of variance of germination of intact seed balls of four varieties 
of sugar beets including three periods of count 






Significant F values 

Source of variation 

Degrees of 

Mean 

Calculated 



freedom 

i 

srjuare 

F value 

5 percent 

1 percent 


Between replicates„ .. 

3 

i 

50.11 

in 



Between varietieb . - — j 

3 

7,229.00 I 

168.58 ! 

3.86 

6 99 

Vanetie.*^ X replicates (error a) 

9 

42 88 

.. 


. . _ 

Between hours of count— 

2 

725 39 

52.87 

3 40 

5.61 

Varieties X hours of count - 

a 

5,854. 50 

426.71 

2 51 

3.67 

Renminder (error— b). . -. - 

24 

13 72 




Total. -. 

47 

... 
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EXPERIMENTAL WORK AND RESULTS 

GERMINATION RATE OF SEED BALLS AND NAKED SEEDS 

There was a marked difference among the four varieties in rate and 
total germination when the gennination of seed balls (containing 1 to 
several true se(‘ds) was used as the basis for comparison (table 2). In 
42 hours after the seed balls were placed to germinate, variety 68 had 
germinated 4 percent, whih* variety 5194 had germinated 88 percent. 
This varietal difference was not due to lack of viable seed in the seed 
balls of varic'ty 68, for when the seed balls were cracked open it was 
found that 90 to 92 percent of them contained matured seeds. Fur¬ 
thermore, during pri'liminary seed treatments it had been found that, 
after thorough wasliing in water, from 88 to 92 percent of the seed 
balls of variety 68 would germinate in 192 hours. 


Table 2. -Comparative relationship of the rate and total germination of seed balls 
and naked seeds of four varieties of sugar beets 


i 

Varietj Xo. 

1 

Germination of seed balls after-- ' 

Germination of naked seed after - 

42 hours 

1 90 hours 

j 192 hours 

19 hours 

42 hours 

1 90 hours 


1 Percent 

Percent 

Percent 

1 

Percent 

1 

Percent 

Percent 

68. 

4 

30 

48 

22 

74 

94 

523... ... 

6 1 

76 

78 

19 

64 1 

88 

5,50 .. .. . 

35 ! 

89 

93 

23 

i ^ 

97 

5194.. . 

88 i 

98 

j 98 

36 

88 ! 

I 98 

Difference required for 
significance 

Odds 19:1 . 

Odds 99:1... 


10 65 

13 86 


i 

! 

7 50 

9.88 
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The larger difference between varieties 68 and 5194 in rate of 
germination disappeared when the naked seeds that had been removed 
from the pericarp were germinated and used as the basis for comparison 
(table 2). In 19 hours after the naked seeds had been placed on cotton 
in the Petri dishes, variety 68 had 22 percent germination, while 
variety 5394 had germinated to the extent of 36 percent. The results 
of the final counts (192 hours for seed balls as compared with 90 hours 
for naked seeds) are even more striking. When seed balls were used, 
there was a difference of 50 percent in germination percentage betwt^en 
varieties (>8 and 5194. When naked seeds were used, this differences 
was reduced to 4 percent. This suggests that the main factors causing 
large diffeu’cnces between varieties in germination rate are to b(' fouiul 
in the ]K'ricarp of th(‘ seed ball and not in the true seed. 

ratp: of water imbibition by seed balls of three varieties 

A measui'c of the rate of water intake by the seed balls of thre(‘ of 
the varieties studied affords evidence that the differences in germina¬ 
tion are not due to variation in rate of water imbibition. Thr(‘e 2()-gin. 
lots of air-dry seed balls of varieties 68, 550, and 523 were weigh(*d 
out, tied in cheesecloth bags, and submergcMl in distilled water to a 
depth of 1 inch. At the end of each soaking period a (;ompl(‘t(‘ s(*t 
was centrifuged, at a uniform rate of speed, for 2 rninutc^s. The s(»ed 
balls were then w^eighed, and the percentage of moisture^. imbilxMl 
was calculated. It will be seen from table 3 that seed halls of tlu‘ 
slow-g(uminating variety 68 imbibed wat(*r as rapidly as did the other 
varieties. It was further observcal that then' was only a small 
increase in the rate of germination wht'n the s(‘(*d caps wi'n* pried 
loose from the seed balls, leaving th(' nak(*d st'cd exf)osed din'ctly to 
the moisture and air in tlu' germinator but in contact with tlu' 
pericarp. 

Table 3.- Comparison of rate of water imbibition by seed balls of three sugar-beet 

varieties 


VarU'O .Vo 


m . 


_ 

523_ ... _ 


Water intake on air-dr.v tiasi^ 
after 


2 hours 


Percent 

H3 

70 

S8 


5 hours 


l*eTcenf 

100 

M 

04 


22 hours 


Percent 


no 

113 

113 


Difference required for significance: 

Odds 19.1_ ...._ 

Odds 99.1 ..- . 


7.0 
10 6 


TOXIC EFFECT OF WATER EXTRACTS FROM SUGAR-BEET SEED BALLS 

Tlie existence of water-soluble substances in the pericarp of sugar- 
beet seed balls, which affect both rate and total germination of tlu' 
seed, was shown by the following experiment. Water extracts from 
s(‘ed balls of each of the varieties, made as described, were used in 
the Petri dish germinations with naked seed of variety 68. Germi¬ 
nation started very slowly, and after about 60 hours the sprouts 
turned brown and died. Normal germination and growth took place 
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in the dishes where water had been used to moisten the substratum. 
The toxic effects produced by the extracts obtained from seed balls 
of the four varieties apparently varied inversely with the rate and 
total seed-ball ^germination (table 2); that is, the extract from the 
seed balls of variety 68 was most toxic to the naked seeds in the test, 
and the extract from 5194 was least toxic. The other two varieties, 
which are more or less intermediate in rate of p;ermination of seed 
balls, took that position in the toxicity of their seed-ball extracts. 



Fkjure 1. -'Comi)arison of the toxic effect of water extracts from seed balls of 
two varieties of sugar beets; Check, substratum moistened with water; 
/?, substratum moistened with water extract froiii seed i)alls of variety 550; 
(\ substratum moistened with water extract from seed balls of variety 68. 
I'lie discoloration of the cotton substratum by the seed-ball extracts is evident. 
Hoth inhibition of germination and injury to sjirouts that germinated are 
a})parent. 

This is partly shown by the data in table 4. The data in the table 
do not, however, give a complete picture of the injury that occurs. 

Table 4.- Effects of water eitracts from the seed halls of sugar-beet varieties on 
germination of naked seeds of variety 68 



Variety from which seed-hall extract was obtained 

Germination of naked seeds in con¬ 
tact with seed-ball extracts after— 


19 hours 

1 42 hours 

' 90 hours 

♦IN .. 

m... . 

.•i/iO .. . 
f>194... 
whaler . 

! 

PiTx'ent i 
0 

\ ! 
19 1 
22 
fiO 

Percent 

4 

3r) 

44 

50 

1 89 

Percent 

7 

45 

57 

> 02 

1 97 


Difference reciuired for significance 

Odds 19: 1.. _ . , _ I 8 69 

Odds99]_ _ _ _ ! 1129 


This injury is better shown by figure 1, which illustrates both the 
inhibition of germination and the injury to the sprouts that did 
germinate. Almost complete inhibition of germination is shown in 
figure 1, (\ where the cotton was moistened with the water extract 
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from seed of 68. In figure I, B, where the cotton had been moistened 
with an extract from seed of variety 550, more than 50 percent of tlie 
seeds germinated, but the sprouts soon turned brown and died after 
60 hours. 


CONCENTRATION OF TOXIC SUBSTANCES NOT CONSTANT 

The amount of toxic substances present in the sugar-beet seed 
the varied not only with variety but also within seed lots of the same 
variety grown in different years or localities, and it is possibly affected 
by any one or all of the following factors: Climate, soil, and maturity 
of the seed when harvested. Extracts were made from seed of U. S. 
34 that had been grown at different localities in different years. It 
can be seen from the data in table 5 that the toxicities of the extracts 
were not constant for the different seed lots of the same variety 
Further tests, involving seed samples of the same variety grown 
the same year and in the same locality but on widely differing soil 
types, indicated that soil variation was an important factor influenc¬ 
ing the amount of toxic substances in the seed ball. 

Table o. — Variation in the amount of toxic substances present in the seed balls of 
U. S. grown at different localities and in different years 


Year and locality where seed was prown from which extract 
was made 


Germination of naked seeds after- 


19 hours 


06 hours I lit hours 


Sandy, Utah, 19.‘12. 

St George, Utah, 1933_ 

Granger, Utah, 1934 _ 

Hurricane, Utah, 1935 . 

Hemet, Calif., 1935 .. .. . 

Logaridali*, Nev . 1936 _ 

Difference recjuired for significance 
Odds 19 • I ... . . 

Odds 99 1_ _ 


Percent Percent 

1 14 

2 13 

10 4t 

11 I 51 

2 I 20 

0 1 21 1 

I 


Percent 

32 

31 

01 

07 

45 

40 


12 31 
17 2t 


EFFECT OF CONCENTRATION OF THE TOXlC: SUBSTANCES 

Decrease* of rate and total germination was proportional to the 
concentration of the extract. When any of the extracts were diluted 
with water the damage to the germinating seed was d(*creased. Tin* 
same dilution effect was also apparent when seed balls w(*re thorough!}" 
washed in water before the extract was taken. This reduction in the 
toxicity of the diluted extracts is shown in figures 2 and 3. The re¬ 
duction in toxicity is evidenced by an increase in rate and total 
germination of the naked seed in contact with the diluted extract and 
also by the more normal development of the sprouts. 

The toxic action of seed-ball extracts on germinating seed was not 
confined to the effect on seed removed from the pericarp, but was also 
evident when intact seed balls were used. Tin* effect of the toxic 
substance already present in the seed ball can be accentuated by adding 
more extract so that the germination rate is further reduced, or its 
effect may be lessened by washing out some of the toxic substance 
normally present in the seed ball. In one test, seed balls of variety 550 
were soaked for 24 hours in a water extract made by soaking a given 
weight of seed of 550 for 20 hours in five times its weight of water. 
The germination of this seed was then compared with that of seed 
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which had been washed for 24 hours in running water. The results of 
this test are shown in table 6. 

Variety 550, which is a moderate carrier of substances having a toxic 
effect on germination, was greatly reduced in both rate and total ger¬ 
mination when soaked 24 hours in a previously prepared extract from 



Fkiuhe 2. —Effect of wasliiiiK the seed balls prior to obtaining tlic extract: 
Af Substratum moistened with water: B, substratum moistened with a water 
extract from seed balls of variety 68 that had been soaked and dried prior to 
making the extract; C, substratum moistened >\ith a water extract from seed 
balls of variety 68. 



Figure 3. —Effect of diluting the extract after extraction from the seed balls: 
Af Substratum moistened with an extract fom seed balls of variety 68 that was 
diluted 2:1 with water; B, substratum moistened with regular extract from 
seed balls of variety 68; C, substratum moistened with water. 


the same sei^d. The reduction in germination of variety 550 soaked in 
(‘xtract was not so great as the reduction in the germination of seed of 
variety 68, which was alternately soaked and dried three times, the 
same water being used for each soaking. The injury resulting to 
variety 68 from such treatment could not be overcome by subsequently 
washing the seed balls in running water. On the other hand, when seed 
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balls of variety 68 that had had no previous treatment wore washed in 
running water there was a remarkable increase in both rate and total 
germination. It is also (wident that the amount of benefit to be 
derived from washing seed is dependent on the amount of toxic sub¬ 
stances carried in the see<l balls of the variety and that it is unsafe to 
soak se('d balls of a slow-germinating varic'ty, such as 68, in a small 
volume' of water prior to germination. Enough water to insure proper 
dilution should be used, and running water gives best results. 

Table e. —Comparison of the rate of germination of seed balls of two varieties in 
which the amount of toxic substance had been modified by soaking or by washing 


Variot> and tri-atmonl nuoiisecd balls 


' (lorinillation of intact siH*d balls 
: aft(*r 


24 hours 


90 hours 


102 hours 


Variety 550, 

Soaked 24 hours in extract from seo<l balls of 550 
No treatment 

Washed 24 hours m runnitijr water 
Variety 68. 

Soaked and dried 3 times fsaim* water) . - 
Soaked and dried 3 tunes (water ehan|ted)._ 
Washed 24 hours m rurmmp water 
No treatment 

DitYerenee reriuired for siunifieanee 
Odds 19 1 . 

Odd*, 99 1 . 


1 Percent 

I 0 

21 


0 

16 

0 


Percent ' 
30 ; 
43 : 
5t 


34 ; 
56 . 
13 


Percent 

16 

70 

SI 


SO 

92 

44 


13. .50 
17 55 


rOMl'ARISON OF SOXKING AND WASHING AS METH()I>S OF REMOVING TOXIC 
SUBSTANCES FROM SEED BALL 

Presoaking of sugar-beet seed for 2 hours prior to making germina¬ 
tion t<*sts is rt'commcnded by the Association of Official Set'd Analysts 
of North Ain(*rica {W). It is desirable that this recommendation h(' 
expanded to specify an adequate amount of water to insure removal 
of toxic substances from the seed ball. Experiments showed that 
variation in the quantity of water in which sei'd was soaked or failure 
to wasli and properly dry samples after soaking causc'd variations in 
the results. 

Table 7 gives the data obtained from an experiment to test the ('flV(*t 
of presoaking sugar-beet si'cd in different quantitic's of wat(‘r and tin' 
furtlu'r effect of washing or not washing the seed balls after the pri'- 
soaking period. Seed of two varieties was us(‘d, 68 and 550. The 
seed of 68 is a heaviiu’ carrier of the toxic substanci's; the so('d of 550 
carries only moderate amounts. The lvalues {17) in table 7 indicate 
that there isa realdifference between the behavior of these two varietii's. 
The /^’values show further that varying tin' quantity of water in which 
th(' seeds were soaked had a marked effect on subseipient g(‘rmination. 
Washing the samples for 5 minutes in running wat(T after the soaking 
period also had a marked effect, and it will be further seen that the 
5-minute wash period after soaking was of much more importance when 
small quantities of water were used for presoaking. 

Further comparison b(*tween th(' effectiveness of soaking and wash¬ 
ing the seed balls for different lengths of time prior to germination is 
given in table 8. It is evident that washing in running water was more 
effective than soaking for the removal of toxic substances and that 
washing up to 6 hours was beneficial. Washing beyond 6 hours was 
of no apparent advantage. 
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Table 7 — Comparison of the effect of different quantities of water used to presoak 
sugar-beet seedy and the further effect of washing the samples in running water for 
5 minutes after the 22-hour soaking period 

GERMINATION DATA 


Treatment of seed balls prior to placing them in Petri 
dishes to germinate 


Volume of water use<l to 
soak seed 22 hours 


3 times weight of seed . _ 

6 times weight of seed 

9 times weight of seed . . 

10 times weight of seed... 

Washed 22 hours in riiii- 
ijing water 

No treatment given seed. 
Differen<*e required 
for significance 

Odds 19 • 1 _ 

Odds 99 • 1. 


Treatment following 
soaking 


(Washed 5 minutes 
\Not washed. _ 
fWashed 5 minutes 
iNot washed 
/Washed 0 minutes 
iNot washed 
/Washed 5 minutes 
I Not washed 


Germination of intact seed balls 


— 

Variety No. fi8 

Variety No. 550 


42 

114 

218 

42 

114 

218 


hours 

hours 

hours 

hours 

hours 

hours 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 


12 

48 

60 

16 

44 

58 


1 

20 

28 

11 

36 

47 


15 

48 

61 

29 

51 

69 


3 

39 

54 

15 

38 

46 


14 

46 

64 

33 

62 

69 


9 

41 

61 

27 

49 

66 


2.3 

64 

70 

37 

66 

7o 


12 

51 

68 

35 

55 

67 


18 

73 

80 

38 

63 

76 


0 

12 

45 

1 

37 

63 

.... 



12.0 

15.6 




COMPAHIv^ON OF CALCl'LATED F VALUES WITH F VALUES FOR THE 

5- and 1-percent points 


Source of variation 


lletween varieties . . 

W ashed and not washed 

Between quantities of water used for soaking 

Washing or not washing X different quantities of water . 

Variety X washing or not washing X quantity of water . 


i 

I (Calculated 

F value 

Significan 

[ .5 percent 

t F values 

1 percent 


63 73 1 

3 94 

6 90 


114 69 

3 94 

6.90 


48 47 

2 70 

3 98 


13 10 

2 70 

3.98 


15 10 

2.70 

3.98 


Table H.~ - Comparison of the effect of soaking seed m 5 times its weight of water 
and washing seed in water for varying periods of time 

[Test with variety 68) 
germination DAl'A 


'rreatment 


No treatment 

Soaked 3 hours . . . ... 

Washed 3 hours _ _ .. 

Soaked 6 hours ... ..... 

Washed 6 hours. .... 

Soaked 24 hours. ... .... 

Washed 24 hours .. 

Difference required fur significance: 

Odds 19 . 1... 

Odds 99 : I ... 


I 



Germination of intact seed balls 
after — 


j 4 daj s 

6 days 

8 days 


Percent 

Percent 

Percent 


8 

29 

50 


17 

35 

65 


16 

39 

78 


23 

47 

75 


41 

1 76 

88 


15 

41 

74 

... 

38 

79 

87 

. 


11.5 

14.82 



204443—41 


5 
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Table 8. —Comparison of the effect of soaking seed in 6 times its weight of watevy 
and washing seed in water for varying periods of time —Continued 


COMPARISON OF THE CALCULATED F VALUES FOR THE 8-DAY COUNT WITH F 
VALUES FOR THE 6- AND 1-PERCENT POINTS 


Source of variation 


Between replications... 

Between hours of treatment - . . . ... 

Between soaking and washing 
Soaking or washing X hours of treatment. 


Calculated 

F value 

Significant F values 

5 percent 

1 percent 

3.45 

5 5Q 

12.25 

13 74 

4 74 1 

9.55 

10 32 

8.59 

12 25 

2 45 

4 74 

9.55 


It seems rather important that where presoakinpj is made a part of 
laboratory procedure, it should be done in standard containers of 
sufficient size to allow for an adequate volume of water; otherwise 



A S 


Figuke 4.—Conijiaribon of tlie condition of »sprouts from seed iialls not washed 
and those washed prior to germination in Petri dishes. .1, T’nwashed seed iialls 
of variety 550, 1 week after they had iieen placet! in a Petri dish on cotton 
moistened witli w’ater. Damage to the sprouts liy the suiistances tiiat arise 
from the seed ball is very apparent. 7i, Seed bails of vari(‘ty 550 that wf‘re 
washed 22 hours in running w'ater before being jilaced on moistened cot ton in a 
Petri dish. The healthy appearance of the sprouts is apparent even after 2 
weeks of growth. 

the seed should ho. washed in running water. The ajipearance of the 
sprouts in blotter germination tests readily indicates whether the seed 
balls are being properly presoaked or washed. If the tips of the 
sprouts become darkened during the test, this is evidence that toxic 
substances have not been properly removed from the seed balls. 
Figure 4 shows the condition of sprouts from seed balls that had been 
thorouglily washed and from seinl balls that had not been washed 
prior to being placed in Petri dishes to germinate. Possibly it should 
be pointed out here that when sugar-beet seed is germinated on cotton 
in Petri dishes it is somewhat more sensitive to the presence of toxic 
substances than when it is germinated on blotting paper. How evcT, 
practical experience in several seed laboratories has shown this same 
relationship to apply to blotter tests. 
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DRYING SEED BALLS AFTER SOAKING OR WASHING 

The importance of freeing the seed balls of all excess moisture, after 
washing or soaking and before placing them in a moist chamber to 
germinate, was demonstrated on several occasions. Figure 5 shows a 
comparison between the percentage germination of seed balls placed 
on moist cotton immediately after washing and the percentage ger¬ 
mination of seed balls that were air-dried after the washing process. 

It seems advisable that some standard procedure should be adopted 
that will insure removal of the excess moisture that might interfere 
with respiratory processes of the germinating seed. Practical ex- 



Fiouhe 5. —Cultures showing the imi>ortance of iiroperly drying the seed balls 
after the presoaking period and before placing them in a moist chamber to 
germinate. A, Seed balls air-dried after wasiiing, before being placed on cotton. 
After 5 days, 82 percent showed visible sprouts. Seed balls placed on cotton 
immediately after washing. After 15 da>s only 28 percent had germinated. 

pericncc of several seed laboratories seems to indicate that thorough 
blotting removes sufficient surface moisture to preveutt the difficulties 
as outlined above. 

DISCUSSION 

The finding that water-soluble subtances toxic to germinating 
seeds exist in the pericarp tissue of sugar-beet seed balls and the 
demonstration that these can be removed by proper washing afford 
an explanation for the improved germination that has been found to 
result from washing or soaking sugar-beet seed. In regard to the 
so-called ^'stimulating effects’' from liquid seed treatments with 
inorganic salts or fungicides, the possibility that the effect has been 
brought about by removal of toxic substances should be taken into 
consideration. In some experiments by C. H. Smith, of the Salt 
Lake City laboratory, as well as in the early experiments of Stehlik 
and Neuwirth (18), it was found that water alone was as effective in 
increasing germination as solutions of various inorganic salts. Hanley 
and Woodman (7) and Garner and Sanders (6*) report that treatment 
of sugar-beet seed balls with sulfuric acid leads to an inepase in both 
rate of germination and total germination. They attribute the in¬ 
crease in germination to a greater permeability of the hard seed balls, 
which allows the processes connected with gennination to take place 
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more rapidly. Stohlfk and Neuwirth {18) ^ive data to show that this 
effect is no greater than that obtained by soaking in water. It is 
obvious that decortication by sulfuric acid removes some of the corky 
material of the seed ball and with it some of the'- toxic substances. 
This treatment is also followed by thorough washing, which, in itself, 
would remove some of the toxic materials. Inasmuch as both 
washing in water and soaking in sulfuric acid result in the removal of 
toxic substances from tlu‘ seed ball, it is to be expected that both 
treatments would result in increased germination. 

The substances in sugar-beet seed balls that produce the toxic effect 
on germination are probably accumulated in the pericarp during seed 
development. It is possible that chemical changes in these sub- 
stancfis take place during sihhI gemiination; however, since th(' toxic 
eflVct is produced by substances located in the pericarf) rather than in 
th(‘ true s<H*d, the primary source of these substanci^s does not appear 
to be germination byproducts as has been reported in lettuce seed by 
Shuck {16). 

Th(*. fact that seed from different varieties and difl’(U(»nt seed lots 
of the same varit^ty may vary widely in the amount of toxic substances 
present makes it difficult to give a generalized stattuiu'ut ri'garding the 
benefits to be d(‘riv('d from presoaking. The amount of bemffit to be 
(lerivc'd from pn^soaking, the length of th(‘ pre^soaking piTiod, and th(‘ 
advantag(' of washing as compared with soaking will all depcuid on tln^ 
amount of toxic substances pn'sent in the lot of sc'ed used and also on 
the substratum on which the tests ar(‘ made. 

Varietal differences in germination due to the pres(‘nc(» of toxic 
substances arc most clearly shown on the' cotton in IVtri dishe's. 
When blotters, sand, or soil are' used as the germinating media, 
there is a gradual deere'ase' in the* toxic e'ffe'ct proportional to the 
ability of the substratum to ivmove substance's from the see'd ball. 
This is similar to the finding of Borriss (;^), who concluded on the basis 
of tests with Vaccaria pyrarnidata, that the' germination-promoting 
effe'ct of the soil was not due to the pre'sence of any stimulative factor, 
but rather to the^ re'inoval of an inhibitory substance from the seeds 
by the absorptive fiowi'r of the soil complex. Experiments by the 
authors indicate that in the fie'ld the e'ffe'ct of toxic substance's is so 
renluce'e! that, although the effe'ct on rate of germination may be notict'- 
able, little e'ffect on total germination and no e'ffi'Ct on yie'ld have been 
apparent. Since^ the' purpose' of laboratory tests is to forecast the', fie'ld 
performance of seed, it is de'sirable to guarel apiinst inte'rfereMice from 
toxic substances. Inasmuch as they do sonie'times interfere in blotter 
tests, it seems advisable to include their re'inoval in the germination 
procedure. Proper washing and drying of the see'el balls prior to 
placing tlu'in in the blotters will increase the' rate of ge'imination, 
avoid damage to the sprouts, and reduce the variation between samples. 

SUMMARY 

Seed balls from different varieties of sugar beets varied widely in 
rate and total germination even though an equivalent number of seed 
balls from each variety was known to contain mature seed. These, 
differences between varieties wen^ largely dissipatf'd when the naked 
seeds, removed from the seed ball, were germinated or when seed 
balls from the different varieties were thoroughly washed prior to the 
germination test. 
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The amount of water-soluble substances present in sugar-beet seed 
balls varied not only with variety but also within seed lots of the 
same variety grown in different years or localities, and is possibly 
affected by any one or all of the following factors: Climate, soil, and 
maturity of the seed when harvested. 

Water-soluble substances present in the seed ball were found to 
produce a toxic effect on germinating sugar-beet seed, both retarding 
germination and killing the radicles. This effect may be a very im¬ 
portant factor among lots of sugar-beet seed in causing the differences 
observed in rate and total germination of seed lots in seed laboratories. 

The ad(‘quate removal of these substances from the seed ball seems 
to be advisable in laboratory procedure where blotters or similar sub¬ 
strata are being used for germination tests. Inasmuch as the amount 
of toxic substances varies with variety and within different seed lots 
of the same variety, it seems advisable to recommend a laboratory 
procedure that will insure their removal from all seed samples. 

Th(* water-soluble toxic substances of sugar-beet seed balls can be 
removed by either soaking or washing in running water, a 6-hour 
period of treatment being adequate for their removal from seed balls 
carrying large amounts of the toxic substances. Soaking the seed in a 
sufficient voluim^ of water to insure dilution of toxic substances was 
definitely bcuieficial, but not so effective as washing the seed in running 
water. 
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STEMPHYLIUM LEAF SPOT OP RED CuffmLk^JS^ 

ALFALFA^ 


By Oliver F. Smith 

Associate pathologist, Division of Forage Crops and Diseases, Bureau of Plant 
Industry, Cnited t^tates Department of Agriculture 

INTRODUCTION 

One' of the foliage diseases of red clover {Trifolium pratense L.) and 
alfalfa {Medicago sativa L.) is caused by a fungus formerly known as a 
Macrosporium^ but more recently as a species of Stemphylium. The 
causal fungus, which is characterized by echinulate conidia and has an 
ascigerous stage belonging in the genus Pleospora, has been known 
previously as a parasite of red clover and alfalfa, but unfortunately 
has sometimes been confused with Macrosporium sarcinaeforme Cav., 
a fungus that has smooth-walled conidia, has no known ascigerous 
stage, and is known to occur only on red clover in nature. The in¬ 
vestigation K'portcd in this paper was designed to trace the life history 
of the echinulate-spored fungus and to clarify any confusion that 
may exist in tho literature regarding its identity and relationship to 
Af. sarcinaeforme and other similar fungi on red clover and alfalfa. 

Krakov(U‘ (Oy and Horsfall (6*) have shown that the fungus on nnl 
clover has smooth-walled conidia and corresponds very well with 
("avara’s original description of that species. Wiltshire (24) has trans- 
f('rri»d this fungus to the genus Stemphylium^ and according to him, it 
should be known as S. sarcinaeforme (Cav.) Wiltshire. Centner (o) 
reported the echinulate-spored fungus to be the cause of a disease of 
both r(‘d clover and alfalfa in Germany, but he misidentified it as 
Macrosporium sarcinaeforme. He also reported perithecia of Pleospora 
h(/barum (Pers. ex Fr.) Rabh. in pure cultures of this echinulate- 
spored fungus. The association of this ascomycete with a fungus 
having sarcinaeform, warty conidia was shown by the Tulasnc brothers 
{21) in 18G3 and has since been confinned by several other investi¬ 
gators. This work has been reviewed by Wiltshire {2i). In New York, 
Horsfall {6) obtained single-ascospore cultures of what he thought was 
P. herbarum from overwintered red clover steins two seasons in suc¬ 
cession. He ri'portt'd that these cultures were identical in every respect 
with those of the Alacrosporiwn from lesions on alfalfa leaves, includ¬ 
ing th(' production of spiny conidia. He suggested, therefore, that the 
Alacrosporinm from alfalfa and its possible sexual stag(', P. herbarum, 
may occur on both red clover and alfalfa, but that A/, sarcinaeforme 
from red cloviT is limited to that suscept in nature. In the present 
paper tht' spiny-spored fungus is reported to be pathogenic on both 
alfalfa and rod clover and is identified as Stemphylium botryosum Wallr. 

' Received for publication Julv 31, 1940 Coojierativo invostip'ations of the Division of Forape Crops and 
Diseases, Bureau of Plant Industiy, U S Department of \gricultuie, an<l the W^isconsm Agricultural 
FAperlinent Station 
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The ascigerous stage has been found on dead red clover sterns and has 
developrd on sweetdover stems and on potato-dextrose agar. It is 
identihed as Pleosvora herbarurn. P. denotata (Cke. and Ell ) Sacc 
ongmally described froni dead stems of red clover and differing froiii 
J . herbc^um only m the larger size of the ascospores, is considered bv 
the writer to be a synonym of P. herbarun. 


THE DISEASE 


On red clove.r the disease occur's mainly on leaf tissue but it may 
also occur on steins and petioles. Leaf lesions are irregular in shape 
and dark brown to black in color (fig. 1, A and B). Around each 




-r 
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*^*TOriHiiriaof red clover artificially inoculated witli crushed 

^ S natural size; CandD, natural infection 

of alfalfa leaves by P. herharum^ about natural size: E and F petiole and 
^eni of red clover artifici^ly inoculated with crushed perithecia of A herbarurn 
X aboi^ V/ 2 ; Gj early stage of infection of red clover leaf by P. herbarurn showinir 
enlarged mycelium (a) m substomatal cavity, X about 430; // cross section of 
a perithecium of P. herbarurn grown on a sweetdover stem, Xabout 100. 
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lesion a straw-colored halo often develops and maintains itself in 
advance of the enlarging lesion. Under favorable conditions the 
lesions increase in size quite rapidly and coalesce until much of the leaf 
is involved. Under field conditions the disease is difficult to diagnose 
on stems and petioles, as it is often associated with the black stem 
disease caused by Phoma trifolii Johnson and Vallcau (S). However, 
small black linear lesions are produced on stems and petioles following 
inoculation with pure cultures of the causal organism (fig. 1, E and F). 
On stems these lesions have never developed extensively, and it appears 
unliktdy that such infections are capable of doing appreciable damage 
to the plant. On petioles, however, the lesions sometimes develop 
sufficiently to cause breaking at the locus of infection. 

PATHOLOGICAL HISTOLOGY 

A modification of the clearcd-leaf method described by Peace {IS) 
was used for observing spore germination and early stages of infection 
on leaf tissue. Bits of leaf tissue were cleared in alcohol-acetic acid 
50 50, stained with cotton blue in la(‘tophenol, then mounted in 
clear lactophenol. For more detailed observation on early stages of 
infection and host-parasite relations, stained microtome sections were 
made of infected leaf tisstie. The tissue was fixed in Kaqiechenko^s 
inotiification of Navaschin’s fixing fluid, consisting of equal parts of 
solution A (195 cc. water, 30 cc. glacial acetic acid, and 3 gm. chromic 
at'id) and solution B (195 cc. water, 30 cc. formalin (37 percent 
formaldehyde)) mixed just before using. The material was dehydrated 
and infiltrated with })araffin, ac(‘ording to the schedule given by 
Rawlins {10), by the use of cedar oil following a graded series of 
alcohols up to 95 percent. Sections were cut 10^ and 15 m in thickness. 
Staining with safraniii and fast green gave satisfactory differentiation 
between host and parasite. 

Since spore germination and penetration of the mycelium into the 
leaf are similar for both ascospores and conidia, the following descrip¬ 
tion of these ])rocesses applies to both. Illustrations were drawn only 
for ascospores. Spores germinate from several of the cells that com- 
I)rise the s])ore (fig 2, A). Penetration into the leaf is usually through 
stomata but may be directly between cells. LTsually a strand of 
mycelium grows over the leaf surface until it reaches a stoma, becomes 
somewhat swollen over the opening, and an infection hyplia enters 
the substornatal cavity (fig. 2, B), Cases have been observed, how¬ 
ever, where hyphao have growm directly across stomata without 
entering. In the substornatal cavity the fungus usually forms two 
or three short, thick strands of mycelium, about tw’^o or three times as 
thick as aerial mycelium or mycelium subsequently formed writhin the 
host tissue (fig. 2, B), This bulbous mycelium apparently makes 
very little growqJi until several host cells immediately around the stoma 
have been killed (fig. 1, (?) ;it then continues to grow intercellularly 
through the leaf tissue as fine strands of mycelium (fig. 2, D), 

In the few cases of direct penetration that were observed, a germ 
tube, about twice the thickness of other germ tubes, had grown only 
a short distance from the spore and had then penetrated the leaf 
between epidermal cells (fig. 2, C). After gaining entrance into the 
leaf the fungus grows intercellularly through the leaf, killing the host 
cells as it progresses. During the early stages of infection, very few 
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strands of mycoliiim were observed inside the leaf in either microtome- 
sectioned material or in cleared leaves stained with cotton blue. 
Conidiophores and conidia were produced on leaf lesions in about 5 
to 8 days after inoculation (fig. 2, E). 



Figure 2.—Camera-1 iicida sketches of Pleospora herbarum on red clover leaf 
tissue: A, Germinating ascosporc; X about 420; B, early stage of stomatal 
penetration showing enlarged hyphae in substomatal cavity, X about 420; 
Cy early stage of direct penetration, X about 420; Z), early stage of infection, 
showing enlarged mycelium in substomatal cavity and normal-sized mycelium 
in region of mesophyll and spongy parenchyma, X about 420; E, leaf lesion 
showing conidiophores and conidia, X about 275. 
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PATHOGENICITY OF THE FUNGUS 

The organism is readily isolated from field material by placing small 
pieces of surface-sterilized diseased loaf tissue on acidified potato- 
dextrose agar. From characteristic leaf lesions pure cultures of the 
organism arc obtained in nearly every case. Although isolates of the 
organism differ slightly in color they are usually white during the 
first few days of growth, after which the mycelium near the center 
of the colony develops dark pigments that appear green from the top 
and dark brown from the under side of the culture. Perithecial 
primordia begin to appear in the cultures in about 5 to 8 days. It is 
quite common to find white tufts of mycelium in some cultures, and 
in a few instances sterile white sectors have occurred similar to those 
observed by Ellis (4) in cultures of Pleospora herbarum from Euphor¬ 
bia. While zonation was observed in culture, no attempt was made 
to determine its cause. Ellis (4) attributed the zonation in cultures 
of P. herbarum from Euphorbia to temperature variations. 

The pathogenicity of the organism was proved by inoculating plants 
grown in the gre^enhouse and reisolating the fungus from the lesions 
produced. Infection was obtained both by spraying the plants with 
a suspension of conidia obtained from diseased leaves and by smear¬ 
ing a suspension of ascospores and perithecial fragments on the plant 
with a camePs-hair brush. After all inoculations the plants wore 
kept in a glass-enclosed chamber at a high atmospheric humidity for 
2 to 5 days before being removed to a greenhouse bench. Lesions on 
leaf tissu(‘. developed in about 3 to 4 days, whereas stem and petiole 
lesions were not in evidence until about 10 to 14 days after inoculation. 

It was beyond the scope of this investigation to determine the com¬ 
plete host range of this fungus. Inoculations were made, however, 
on a number of plants during tlie winter of 1937 with a culture of the 
organism isolated from diseased red clover leaves collected at Marsh¬ 
field, Wis. No infection was obtained on the following plants: Meli- 
lotus alba D(‘sr., M. officinalis Lam., Trifolium incarnaium L., T. 
involucratum L., T. agrarium L., and T. procumbens L. Slight infec¬ 
tion was produced on Medicago arabica Huds,, and T. resupinatum L, 
Medicago sativa proved to be moderately susceptible. In 1938, inoc¬ 
ulations were made on Melilotus alba and Medicago sativa with a 
culture of the fungus obtained from diseased leaves of T. pratense 
nc'ar Madison, Wis. The organism produced small lesions on Melilotus 
alba and on Medicago sativa. Other plants were not available for 
inoculation at that time. From these limited trials it appeared that 
diffenmt isolates of the fungus differ slightly in pathogenicity, but the 
organism isolated from T. pratense is primarily a pathogen of that plant. 

The organism infects the seeds of several leguminous plants. 
Gentiu'r (J) reported it on seeds of red clover, white clover, alsike 
clover, crimson clover, and lucerne. From F. R. eloncs ^ the writer 
obtained a culture of this fungus isolated by him from living seeds of 
Melilotus alba. Tested by inoculation, it proved to be pathogenic on 
M. alba and Trifolium pratense. Thus M. alba can now be added to 
the list of plants that may carry this pathogen in or on the seeds. 

Senior pathologist, Division of Forage Crops and Diseases, Bureau of Plant Industry, V. S. Department 
of Agriculture. 




836 


Journal oj Agricultural Research 


Vol. 61, No. 12 


MORPHOLOGY OF THE FUNGUS 
ASCIGEROUS STAGE 

The perfect stap:e of the fungus has been found on dead stems of 
red clover and has d(>iveloped in culture on potato-dextrose agar and 
on sweetclover stems. It is here identified as Pleospora herharum, 
Perithecia are typically globoid and sometimes possess a slender neck. 
The latter character is very pronounced on perithecia produced on 
sweetclover stems but is usually lacking on peritliecia produced on 
potato-dextrose agar. Each fruiting body is usually distinct, has a 
black membranous wall, and produces many asci (fig. \,H), When 
the fungus is grown on either potato-dextrose agar or sweetclover 
stems, perithecia are formed in about 10 to 14 days but asci and asco- 
spores are not produced until about 4 or 5 months later. A tempera¬ 
ture of 10° to 12° C. is most favorable for ascospore production. 
Ellis (If) reported that cultures of P. herbarurn from Euphorbia de¬ 
velop perithecia with fully developed asci in about a jnonth, and 
added (4, p, Itl): “It is probable that any cheek to the vegetativ(‘ 
growth of the mycelium will be followed by the production of increased 
numbers of reproductive structun^s, though all these may not nec(‘S- 
sarily mature.’^ 

Asci are elongate, cylindrical, and typically eight-sponnl. They 
measure 183)u to 2()7iu by 27m to 37m» with a nu'an length of 30±().2m 
and a mean diameter of 34±0.3/u. 

Ascospon^s ar(' muriform and yellowish to l)rown in color. They 
are rounded at both ends, have seven cross s(‘pla and thr(‘(‘ to five 
longitudinal septa. They measure 32 m to 48 m by 14 m to 21 m, with a 
mean length of 39±0.4 m JHhI a mean diameter of 17±().2 m. The 
standard error was calculated from the formula 





___ n 

n — 1 ) 


Each calculation was based on 100 random mcnisureiiKnils. 

The method of ascospore discharge is essentially like that described 
by other investigators (7, 15, 18) and will be only brii'tly n'viewed 
here. Asci are readily lib(*rated from th(‘ p(*rithecium by placing 
the latter on a glass slid(» in a drop of wat(*r, cov(*ring it with a cover 
slip, and applying light pressure. The peritlK'cium ruptures usually 
at one side of the bulbous portion, and the asci ])ass out into the sur¬ 
rounding water. The ascus wall consists of two layei*s, an outer one 
that is thin and quit<‘ firm and an inneu* one that is thicker and elastic. 
The two walls are not visibly distinguishable, howevt'r, until tlie 
outer wall is ruptured during the process of spore discharge. 

When an ascus is liberated from the perithecium, it imbibt»s watcu- 
and begins to swell (fig. 3, A). The outer wall, laung inelastic, bursts, 
usually at the apical end, and contracts slightly, forming several 
wrinkles or folds around the inner ascus wall (fig. 3, B), vSirnultane- 
ously the iniKT membrane stretches rapidly and the ascus becomes 
nearly twice its original length with little or no increas(» in diametcu* 
(fig. 3, 5). 
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Asci may elongate immediately on coming in contact with water or 
several minutes thereafter, but the actual process of elongation re¬ 
quires only 10 to 20 seconds. Immediately after the outer ascus wall 
bursts and during the elongation of the inner wall, the spores and ascus 
contents move to the upper portion of the ascus. Usually all the 
spores except one move above the ring formed by the outer wall. 
Spores that remain in the lower portion of the ascus are not expelled at 
the time of spore discharge. 

A stretched ascus may discharge its spores immediately or several 
minutes afttT it has elongated, or it may elongate and not discharge its 



Figure 3. —Camera-lucida sketches of ascospore discharge in Pleospora herharum: 
A, Ascus as it a})pears 'vvhen first forced from perithecium; B, same ascus as A 
after outer wall has burst and inner wall has elongated; C and D, asci which 
have discharged their spores; PJ, ascus from which spores were not discharged. 
Note how the inner wall has liccome swollen in C, D, and E. X about 240. 

spores (fig. 3, K). Th(‘ stretched ascus usually bursts just above the 
ring formed by the outer ascus wall and the spores are expelled into the 
surrounding medium. In some cases an ascus bursts on one side and 
the spores pass out through the rift thus formed (fig. 3, I)), while in 
other (*ases the entire upper portion of the stretched ascus is torn off 
and the spores are scattered in any direction (fig. 3, C). Spores are 
discharged so quickly that their exit from the ascus cannot be followed 
with the ey(‘; from observations it appears that they are discharged 
with considerable force, but because of the resistance offered by the 
water th(\v remain near the point of release. The inner wall of the 
ascus thickens considerably soon after stretching and asci that dis¬ 
charge their spores do so before the thickening occurs. Spores that 
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are not discharged germinate while inside the ascus and the germ tubes 
grow out through the thickened wall. 

CONIDIAL STAGE 

The conidial stage of the fungus is considered to be Stemphylium 
bofryosum Wallr. (22), the species upon which Wallroth founded this 
genus in 1833. Conidia are rarely produced on potato-dextrose agar, 
but under conditions of high humidity numerous conidiophores and 
conidia are produced on leaf lesions. The conidiophores are brown, 
upright, stout-appearing structures that are citluT single or grouped in 
fascicles rarely composed of more than four hyphae. They are slightly 
bulbous at their bases and also at the distal end where tlu' conidia are 
borne. They measure 3.5/1 to 5.5m in width but differ considerably in 
length, depending on environmental conditions and the number of 
conidia they produce. After a conidium has been produc('d, the end of 
the conidiophore grows out, producing new cells and a new conidium. 
As a result of the continued apical growth, a conidiophore may grow to 
considerable length and have a nodulose' appearance, the swollen cells 
of the conidiophore indicating the points at which conidia wen' borne 
(fig. 2, E), Conidia that are not dislodge'd from the ends of the conidi¬ 
ophore are pushed to one side by the ne^v growth and apjx'ar to be 
borne laterally on the conidiophore. 

The conidia are olive brown muriform, and echinulate. They are 
oblong in shape and often constricted at the center by a median cross 
septum. They measure 24m to 40m by 14m to 23m, ^^ith a mean 
length of 31 ±0.4m and a mean width of i9±0.2M. 

There can be no doubt that the perithe(*ial and conidial stages de¬ 
scribed here belong to the same fungus. On leaf lesions resulting from 
inoculations with ascospores the fungus produces the echinulate conidia, 
and cultures from these conidia produce the perithecial stage when 
grown on sweetclover stems or on potato-dc'xtrose agar. On potato- 
dextrose agar, cultures started from conidia and ascosporc's are simi¬ 
lar in appearance. On sweetclover st('rns a few- conidia are pro¬ 
duced in addition to the perithecia. 

The fungus is homothallic. Perithecia and ascospori's have' been 
produced on sweetclover stems from eitlu'r single-ascospore or singh'- 
conidium cultures. 

TAXONOMY 

The fact that fungi similar to the on(‘ d('scribed above on rod clover 
have been described on several different host plants raises the question 
whether the red clover organism is identical with one or more of 
those previously described. Many of the earlier descriptions were 
of only the conidial or ascigerous stage of tin* fungus, sinc(' no con¬ 
nection was established betwec'U the two spore stages. Where 
possible, cultun's of tin* organisms from the various hosts wore obtained 
and when this material was lacking, herbarium specimens and wu’itten 
descriptions were used. The following described species have b('en 
^nsidered: Pleospora denotata (Cke. and Ell.) Sacc.; P. lycopersici 
E. and E. March.; Macrosporium medicaginis Cugini; M, sarcinae- 
forme Cav. as discussed by Malkoff (10), Gentner (5), and Hiilsen- 
berg (7); M. meliloti Pk.; and Thyrospora sarcinaeforme (Cav.) 
Tehon and Daniels. A summary of the information obtained regard¬ 
ing most of these fungi is given in table 1, 
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Table 1. —Summary of information on fungi considered in relation to Stemphylium 

boiryosum 


P'ungu.s 

Described or 
dLseussed by— 

Host 

Spore meas¬ 
urements 

Character of 
con Id i urn 
wall 

Ascigerous stage 

Macrosporium mdiloti 
Pk.i 

Peek a/,)- - 

Melilotus alba 
Desr 

P 

25-50 long -- 

Smooth -. 


Macrosporium sard- 
naeforme Cav.i 

Cavara CJ?)_ 

Tnfolium pro- 
tense L 

24-28X12-18.- 

.do.- - 


Macrosporium sard- 
naeforme Cav.» 

Malkoff (10) - 

Trifolium pra- 
tense. 

25 2-33 6X 

10 8-22 4 

Echinulate 


Macrosporium medi- 
caginis Cuffini.J 

Traverse (fO) . 

Medicago saiiva 

L/ 

\Medicago saliva 

25-.35X 10-18 - 

] 

Smooth .. 


Macrosporium sard- 
naeforme Cav.a 

Geutner (5) 

i'l'rifolium pra- 
1 tense 

D7-40X8 7-29. - 

Echinulate 

Pleospora her¬ 
barum (Pers 

Thyrospora sardnne- 
forme (C'av) Tehon 
and Daniels * 

Tehon and 
Daniels (19) 

Medicago sativa. 


.do.-_- 

e\ Fr ) Kahh. 

Macrosporium sarci- 
naeforme Cav.* 

Stemphylium boiryosum 

lliilsenberf? 

(7). 

Smith .. 

Medicago sativa 

( Trifotium pra- \ 
< tense. 

24-40X14-23.-- 

-do 

..do ... 

: Pleospora her¬ 
barum 

Wallr. 


[Medicago sativa 

24-3SX14-22-- 

- -do... 

Pleospora her- 
' bar urn (P. de¬ 

notata (Cke. 
and Ell) Sacc.) 


1 ('onsiflenMi clLstinct from Stemphyhum hotryosum 

2 Consiriorod synonymous with Stemphylium hotryonum. 


As will be shown later, most of those organisms are morphologically 
identical with Pleospora herbararn or its conidial stage', Stemphylium 
boiryommj and it appears that, if W(5 arc to accept morphological 
differences rather than small differences in pathogenicity as a basis 
for making specific differences, then P. herbarium and its conidial 
stage, S, boiryosum, consist of a group of fungi morphologically alike 
but possessing some^ degree of physiological specialization. Wiltshire 
( 24 ) has recently shown that a number of fimgi previously described 
and named in their conidial stage as distinct species are in reality 
synonymous with S. boiryosum. He also states that the association 
of this conidial type with P. herbarum as its ascigerous stage was 
known as early as 1863 by the Tulasne brothers (21). 

The ascospores of Pleospora herbarum from red clover are a little 
longer than the measurements given by Saccardo (17) for that species. 
This fact gives some support to the possibility of considering the organ¬ 
ism from red clover as P. denotata, a fungus which was described on 
dead stems of red clover and is separated from P. herbarum by the 
larger size of its ascospores. However, measurements of most of the 
spores of the red clover fimgus come within the limits given for 
P. herbarum and it is considered best, for the present at least, to con¬ 
sider it as the latter species. little doubt exists, however, that the 
organism described by Cooke and Ellis is the same as the one described 
here, but it is doubtful whether P. denotata can b(' considered as a 
species distinct from P. herbarum. Type material of P. denotata is 
very limited, but in the small portion examined the ascospores were 
found to be shorter than the length given in the original description 
of that fungus and most of them were within tlie limits given for P. 
herbarum. Many of the ascospores appeared as normal as ascospores 
from freslily collected field material, and it is assumed therefore that 
tlu'y had not become much shrunken. It seems better to extend the 
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limits of sports sizo of F. herbarum sufficiently to include the organism 
imde^r consideration here rather than try to distinguish it as a distinct 
species on the difference of a few microns in spore length, particularly 
since the ascigerous and conidial stages correspond so closely to P. 
herbarum and its conidial stage, Stemphylium botryosum, respectively. 
Furthermore, it has been observed during these studies that environ¬ 
ment has some effect on the size of ascospores of this fungus. Asco- 
spores from perithecia on dead stems of red clover collected in the 
fi(dd measured 32/1 to 48m by 14m to 21m, whereas ascospores of the 
same fungus prodiK'ed in culture on sweetclover stems measured 
32m to 54m by 12m to 22m. However, the average size of the spores 
from red clover stems and sweetclover stems was 39.7m by 17m 
40.6m by 16.8m, respectively, from which it is apparent that the larger 
spores produced on sweetclover stems were comparatively few. This 
diffen^nce shows, however, that culture media and environmental con¬ 
ditions influence the size of ascospores to some degreu'. 

From diseased leaves of alfalfa the writeu* isolated an echinulate- 
spored fungus that is considered to be Stemphylium botryosmn. The 
pathogenicity of the fungus has been prov(‘d by inoculating alfalfa 
plants and again reusolating the fungus from tlu' lesions produced. 
Conidia are rarely producenl in culture, but abundant conitliophores 
and conidia are produced on l(‘af lesions. The conidiophon^s ari‘ 
sometim(^s branched, hav(» the characteristic* enlarged tips, and bc^ar 
sarcinaeform spores that rnemsure 24m to 38m by 14m to 22m. On 
potato-dextrose agar, the mycedium is white during the early stagers 
of growth but later dewedops dark pigincuits that apjxMir grexn from 
the top of the culture' and dark !)rown or black from the bottom. On 
swectclove'r stems or potato-de'xtrose agar, cultures of the organism 
produced Pleospora herbarum as the ascigerous stage'. The' asc'igcu’oiis 
stage has not bc'en observed on alfalfa stems collecte'd in the' field, but 
ascospores produced on swc'etclovc'r stems mc'asured 32m to 46m hy 
13 m to 21m. 

Under field conditions alfalfa leaf lesions appear as dark-brown 
sunken areas that are ofte'ii surrounde'd by a straw-colore'd halo 
(fig. 1, C and D), Concentric zones sometimes develop in old Ic'sions. 

Inoculation expc'riments indicate, howc'vc'r, that ])hysiologic races 
of Pleospora herbarum c'xist on red clover and alfalfa. A suspc'usion 
of conidia obtained from diseased alfalfa leavers was usc'd to inoculate' 
re^l clover and alfalfa plants. Leaves on alfalfa plants were com¬ 
pletely killed in about 5 to 8 days, whereas no macroscopically visible' 
infections appeared on red clovc'r until 16 days aftc'r inoculation and 
then infc'ction was very slight. When the two hosts wc're inoculated 
with a suspension of conidia from red clover, le'aves of the latter host 
were killecl in about 5 to 7 days after inoculation, whereas only small 
lesions were producc'd on alfalfa 14 days after inoculation. Similar 
inoculations were made with a suspension of ascospores and pc'H- 
thecial fragments from crushed perithecia, and in each case' the organ¬ 
ism collected from red clover was much more virulent on red clover 
than on alfalfa, while the organism collected from alfalfa was always 
more virulent on alfalfa than on red clover; in fact, the alfalfa organ¬ 
ism rarely produced infection on red clover. 

That the two organisms are different physiologic I’aces is also sup¬ 
ported by field observations. During the two seasons the red clover 
organism has been under observation the disease has appeared during 
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the early part of June, whereas in the season of 1938 the disease on 
alfalfa appeared in August and September. In June 1938, the disease 
was quite prevalent on red clover plants adjacent to a plot of alfalfa 
to which there was ample opportunity for the organism to 
spread. Sev(Tal attempts were made to find it on the alfalfa but 
without success. While these data are not extensive enough to be 
conclusive, they do give evidence of some degree of ph 3 ’^siological 
specialization on the two hosts. 

Tehon and Daniels (W) described a brown leaf spot of alfalfa 
caused by an echinulate-spored fungus which they considered identical 
with Macrofsporium sarcinaeforme Cav. Following Elliott’s (5) sug¬ 
gestion that M, mrcniaeforme is not a good member of the genus 
Macrosporiurn, and assuming the forms on red clover and alfalfa to 
be identical, th(\v erected a new genus, Thyrospora, with T, mreinae- 
forme (Cav.) Tehon and Daniels, as the type species. It has already 
been shown by other investigators (^, 24 ) and confirmed by the writer’s 
own observations that Tehon and Daniels were incorrect in identify¬ 
ing their organism as M. sarcinaeforme^ as the spores of the organism 
t hey described are echinulate, whereas spores of the red clover organism 
described by Oavara are smooth. 

The organism described by Tehon and Daniels is here considered 
morphologically identical with Stemphylium botryosum described 
above on alfalfa. vSpores and conidiophores obtained from diseased 
alfalfa specimens n^ceived from L. R. Tehon (fig. 4, C) correspond ver^" 
well with spores and conidiophores of S, botryosum collected from 
diseased alfalfa by the writer (fig. 4, B). Wiltshire has already 
shown, moreover, that the genus TTiyrospora, erected hy Tehon and 
Daniels for this fungus, is identical with the genus Stemphylium^ and 
he has accordingly transferred members of the genus Thyrosjwra to 
the genus Stemphylium. 

Macrosporium medicagwis Cugini (20) apparently causes a disease 
of alfalfa similar to that caused by Stemphylium botryosum. It was 
hoped that a sp(H*imen of Cugini’s collection could be obtained in 
order that the fungus described by him might be compared with S. 
botryosum. Since the organism was collected and described in Italy, 
an attempt was made to locate a specimen^ at several stations in 
Italy, including th(‘ Experimental Agrarian Station at Modena, where 
Cugini worked. Since none was found it appears unlikelv that any 
of the original material of AI. medicagiim Cugini e.xists. illustrations 
of leaf h'sions given b\^ Traverse (20) appear to have been drawn 
from lesions similar to those produced on alfalfa by S. botroysum. 
Spore m(»asurements of AI. medicagmw and S. botryosum arc* quite 
similar, but spore shape of AI. medkaginiSy as illustrated in Traverse’s 
article, does not agr(‘e wc'll with spore shape of S. botryosum. Further¬ 
more the spores of S. botryosum are echinulate, whereas those of Al. 
medimginis are described as smooth. If this description is correct, 
then A^. medimginis is distinct from <S. botryosum. In fact, the 
description given for AI. medicaginis is not completely consistent 
with that of any fungus subsequently described on Afedicago sativa. 
The fact that Macrosporium medicaginis is reported as approaching 
AI. meliloti, a similarity that must have referred to shape since size 


« For his efforts in trying to locate a specimen the writer is greatly indebted to Qabriele Qoidanich, of 
the Vegetable Pathology Station at Rome, Italy. 
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is quite different, makes it unlikely that this is a report of S» 
sarcinaeforme attacking Medicago saliva. 

An echinulate-spored fungus has been collected on alfalfa by several 
investigators in this country and in each case the fungus corresponds 
with Stem'phylium hotryosum, particularly as regards the echiniilate 
character of the spores. Krakover states (9, p, 279) , regarding material 
he examined from collections belonging to the herbarium of the 
United States Department of Agriculture, 

Slide mounts of spores on material collected in Philadelphia, Pa., and Arlington 
Farm, Va. (Turkestan alfalfa) contained spores which in shape and color are the 
same as the spores of Macrosporium sarcinaeforme on clover, but they are smaller 
in size and decidedly warty. 

The writer has examined spore mounts of material furnished by F. R. 
Jones, which was collected on alfalfa in 1915 at Brookings, S. Dak., 
Geneva, N. Y., Ithaca, N. Y., and Mercer, Maine. In each case the 
spores wen' definitely echinulate. Thus it appears that Stemphylium 
botryosvm has been collected on alfalfa several times and is probably 
more prevalent on that host than on red clover. 

Malkofl (10) and Gentner (5) described a disease of red clov('r and 
alfalfa, and in each case they considered Macrosporniin sarcinaeforme 
the etiological factor. Gcntncr obtained the perfect stage of the 
organism in culture Jind also collected it from old stems in tlu' fi(*l(l. 
He identified it as Pleospora herbarum, Hulsenberg (7) reported a 
disease on red clover and alfalfa and considered it identical with the 
one described by Gentm'r and therefore attributc'd its cause' to M. 
sarcinaeforme. In each of these cases, however, it was reportc'd that 
the conidia of the causal fungus were echinulate. Since the' conidia of 
Stemphylium. sarcinaeforme (=^Ad. sarcinaeforme) are devoid of warts 
or spines, it is evident that these' investigators vere not de'aling with 
that fungus. 

In correspondence with Ge'iitner, tlie write'r was advise'el te) write to 
L. C. Doyer, of Wageningen, Netherlands, for seeel infec'te'el with 
Pleospora herbarum or Alacrosporium sarcinaeforme. Fre)ni eliscase*d 
seeds of renl clove'i* and alfalfa receivc'd from Doye'i*, ascospoi*e‘ cul¬ 
ture's of an organism were obtaine'd that appeal* iele'iitical with the 
organism described by Ge'utne'r (5). Culture's of the fungus grown ein 
sweetclover ste'ins at a temperature e)f 10° to 12° C. ])roeluce'd peri- 
thecia in about 10 to 14 days and ascos])ore's in about 4 to 5 months. 
Except for a small dilTe're'nce in size, the nu'asurerne'nts of the' asce)spore*s 
(J2)Lt to 40/x by 14/x to 20p) agre'e well with those of Pleospora her¬ 
barum., thus ceinfirmiiig Gentnc'r^s (5) opinion that the' organism is that 
specie's. Very few conidia w(u*e produce'd on synthetic meelia, but 
abundant conidiophore^s and conidia we're' produce'el on leaf le'sions. 
The conidia and conidiophore^ characters are' vc'ry similar to those of 
Stemphylium botryosum describe'd above on red clover anel alfalfa, and 
the conidial stage is therefore considereel to be that specie^s. While 
conidia of the organism obtained from Doyer and conidia from the 
organisms collected from rc^d clover and alfalfa show small differences 
in shape, these difl'erences are not considere'd significant in view of the 
variation in shape of spores produced by each fungus (fig. 4, A, B, 
and D). In general tin', spores of the European culture art' slend('rer 
than those of the fungi collected by tln^ writer. This difference is 
seemingly nullified, however, by the fact that practically as much 



Dec. 15,1940 


Stemphylium Leaf Spot of Red Clover and Alfalfa 


843 


(iiffcrcnco in spore shape occurs within a culture as between cultures. 
Gentncr {6) observed considerable variation in size and form of spores 
collected from plants of different origin and pointed out that these 
characteristics are of little diagnostic value. Furthermore, when 
single-spore cultures from spores of either the slender type or the short 
thick type are used to inoculate plants, conidia of both types are 
produced on the leaf lesions by each type of isolate. 
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Figure 4.—Conidiophores and conidia: -1, Stemphylium hotryosum (conidial stage 
of Pleospora hcrbarum) collected from diseased red clover leaves; B, S. botryosum 
collected from diseased alfalfa leaves; C, S. botryosum from specimen of diseased 
alfalfa leaves, contributed by L. R. Tehon under the name Thyrospora sarci- 
naeforme; D, S. botryosum isolated from diseased red clover seeds obtained from 
L. C. Doyer; /?, spores of a fungus described by Peck as Macrosporium meliloti 
on Melilotus alba; F, spores of Macrosporium commune from asparagus stems, 
collected by J. B. Ellis and deposited in the University of Wisconsin herbarium. 
X about 650. 
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Alacrosporium meliloti Pk. (14) is described as occurring on living 
leaves of Melilotus alba. Since inoculations described earlier in this 
paper showed that Stemphylium botryosum is weakly pathogenic on 
sweetclover, it was thought that this might be the organism described 
by Peck. A small portion of the material collected by Peck was 
submitted to the writer by H. D. House. Spores obtained from the 
specimen are b(‘aked (fig. 4, E) and therefore belong to the genus 
Alternaria as defined by Wiltshire (2S), leaving no doubt that this fun¬ 
gus is different from those considered earlier in this paper. Spores 
of Alacrosporium meliloti are very similar to those of Al. commune 
Kabh. (fig. 4, F) collected by Ellis ® on asparagus, and the two fungi 
probably belong in the same species of Alternaria, 

Another organism tjiat seems to wnri’ant consideration hei*e is 
Plfospora lycopersici E. and fi. March. (11). This organism is 
reported (11) to be the perfect stage of Alacrosporium sarcinaeforme, 
and in the figures that accompany the original description of the fungus 
the conidia are rt'presented as smooth. This was probably an ov(‘r- 
sight, however, since Ramsey (to) isolated from tomatoes an organism 
that he considered the same as the one d('scrib(‘d by Marchal and 
Marchal, and the conidia are ('chinulate. Middh'ton (12) has recently 
shown by inoculation t(‘sts with P. lycopersici ajid M. sarci)nu tonne on 
tomato and on a niunlMT of leguminous plants that the two organisms 
are distinct. Therefore P, lycopersici is not the perfect stage of the* 
smooth, spored organism that occurs on r(‘d clover and it is doubtful 
that the ]»erfect stage of this organism has as yci b(‘en found. Tin* 
organism, described and illustrated by Rams(‘y, is very similar in both 
the conidial and perithecial stages to P herborum colle(‘t(*d from nnl 
clover and alfalfa. A culture of /^ h/cop(/sici obtained from Kams(\v 
was used to inoculate nal c1ov(M' and alfalfa by putting a sjuall pi(‘C(' 
of agar and mycelium on tin* leavers and placing th(^ plants in a glass- 
(uiclosed chamber for 4 or 5 days. Tlu‘ fungus proved slightly 
pathogenic on red clover but was less virulent tlian P, herharum 
isolated from that host. No infection was obtained on alfalfa. 

SUMMARY 

Stemphylium botryosum Wallr. is reported heriun as th(' cau.sc' of a 
foliage' disease of red clover and alfalfa in Wisconsin. 

The pe'rfect stage of this fungus was found on dead nnl clover stems, 
and cultures from the typical echinulate conidia produced perithecia 
and ascospores when grown on sw(*ctclover stems or potato-dextrose 
agar. The ascigerous stage is here* identified as Pleospora herharum. 

The taxonomic redationship of this fungus to other similar fungi 
reported on these host plants is divseussed. 

Evidence is presented which indicates that physiologic races of th(‘ 
fungus exist on red clover and alfalfa. 

« Elms, J. B. north American fungi [kxsiccati]. No. 418 Mnerosporium commune Rahenh. on dcid 
stems of asparagus Wis Univ. Horbarnim. 1880. 
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THE UTILIZATION BY CALVES OF ENERGY IN RATIONS 
CONTAINING DIFFERENT PERCENTAGES OF PROTEIN 
AND IN GLUCOSE SUPPLEMENTS > 

By H. H. Mitchell, chief in animal nutriiiony and T. S. Hamilton, associate 
^chief in animal nutrition, with the technical assistance of W. T. Haines, labora¬ 
tory technician in animal nutrition, Illinois Agricultural Eiperiment Station * 

INTRODUCTION 

A most important problem in the utilization of food energ:y by ani¬ 
mals relates to the effect of combining individual feeds into rations. 
When rations are thus compounded, the value of the mixture in satisfy¬ 
ing the energy requirements of an animal may not be the weighted 
mean of the values of the individual feeds. This is true, in the first 
place, because of the associative effects of h^eds in digestion. The 
existence of those eff(»cts (but not their causes) has been amply 
established. In the second place, the supplementing effects of nutri¬ 
ents in metabolism may enhance the utilization of food energy. The 
nailization of this latter fact is a relatively recent accomplishment in 
the science of nutrition. A historical description of its development 
has been given elsewhere {25)? 

The effect of a variable intake of protein upon the utilization of food 
energy during growth was clearly stated by Mpllgaard in 1929 {29) 
and demonstrated by the same investigator in earlier experiments 
on dairy cows. Visco {34) in 1930 showed that adult rats on protein- 
containing diets gained in body weight on energy intakes even smaller 
than those that, when provided by diets deficient in protein, could not 
maintain body weight. Hogan {15, 17) and Forbes (7, 10, 11) and 
their associates have shown in various publications that, on equal 
intakes of food, growing rats will make greater gains and, in the Penn¬ 
sylvania (experiments (7, 10, 11), store more energy on rations con¬ 
taining mod(‘rate concentrations of protein (20 to 25 percent) than on 
rations containing low and obviously inadequate concentrations. 
Hamilton ilS) confirmed these observations and in addition {14) 
prov(*d that, for growing rats, the net availability of the metabolizable 
energy consumed increased as the percentage ol protein (whole egg) 
in tile diet increased up to about 16 percent, nunained practicallv 
constant throughout the range of protein concentrations within whicn 
the diets were equally well-balanced, and then decreased markedly 
as the dietary protein was increased above 30 percent. These (wperi- 
meiits of Hamilton support tlu^ general proposition that the better 
balanced a diet is with reference to a particular combination of animal 
functions, the smaller will be its energy wastage, represented in the 
heat increment, and the greater will be its net-energy value, digestive 
wastages remaining the same. 

• Kecelved for publication March 8, llHO. This investigation was aided by the donation of funds to the 
University of Illinois by the Corn Products Refining Co„ of Argo, 111. 

The authors wdsh to acknowledge gratefully the assistance in these experiments of Dr F. I. Nakamura 
in the analysis of samples of chamber air. 

3 Italic numbers in parentheses refer to Literature Cited, p. SC2. 
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The purpose of the experiments reported in this paper was to extend 
to beef calves the study of the relationship between the protein content 
of rations and the utilization of their energy content that had pre¬ 
viously been carried out only with rats and dairy cows in milk. Also, 
since glucose supplements were used to dilute the protein content of the 
various basal rations used, an opportunity existed to determine the 
effect of this sugar on energy metabolism and to compute its net- 
energy value in the conventional way when incorporated in rations 
of diverse content of protein. 

EXPERIMENTAL PLAN AND METHODS 

The plan of the experiment involved the testing of 4 experimental 
rations, consisting essentially of combinations of corn, cottonseed me^al, 
and timothy hay to provide roughly 0, 10, 15, and 20 percent of crudi* 
protein. Each of these rations was fed to each of 4 steer calves at a 
level to produce small positive energy balances, and immediately after 
such tests each basal ration was fed with a glucose supplement. The 
metabolizable energy in each ration (both basal and supplementcal) 
was determined during a period of constant feed lasting from 13 to 
28 days, and the heat production was determined in a 3-day period 
in the n^spiration chamber. In addition, the fasting luait production 
was measured for each steer at 5 different^ timers during the exp(‘riment. 
Thus, the entire experiracuit included 32 collection p(u*iods for th(‘ de¬ 
termination of metabolizable energy and 52 respiration tests, the (*om- 
bination of which permitted the calculation of not energy. 

The subjects of the experiment were four H('r(‘ford calv(‘s weighing 
initially from 400 to 500 pounds. Th(\v were confined in air-condi- 
tioTied metabolism stalls, ])reviously described (76', i?6'), and were fed 
twic(» a day, at 9:30 a. m. and 4;:h) p. m. They w(*re weighed and 
watered each morning before feeding and watered again before* the* 
second feeding. The heat production was im^asiired in an opim- 
circuit type respiration chamber, also descrilx'd in an earli(‘r publie'a- 
tion (f7). In the respiration tests on feed, the steers w(*r(* fed at 
8 a. m., immediately after the beginning of the* experimental day, 
and at 4 p. m., water being before* them at all times. The t(‘sts on feeci 
lasted 3 consecutive days. All fasting experiments were carried out 
on the fourth and fifth days of fast. 

Table 1. —Composition of the four expvrirnerttal basal rations • 


nation containing"— 


Constituents 

6 iiercont * 
of crude 
proUdn 

lOfiercent 
of crude 
protein 

15 fiercient 
of crmlc 
protein 

20 perernt 
of crude 
protein 

Timothy hay - .. 

Percent 

76 4 

Percent 

47 3 

Percent 

30 2 

Percent 

30 0 

Ground corn . .. . 

2A 6 

47 3 

39.2 

30 0 

Cottonseed meal- __ 

0 0 

5.4 

21.6 

40 0 


1 Hereafter called rations 6, 10, I.*), and 20 

' For steer 1, the percentages were 02 3 and 7.7, respectively, for timothy hay and ground corn. 
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The composition of the four basal rations is given in table 1. Each 
basal ration was supplemented with glucose to produce rations that 
will be referred to as rations 6s, 10s, 15s, and 208. In the last three 
of these supplemented rations each steer received daily 1,200 gm. 
(1,093 gm. of dry matter) of sugar in addition to the same amount of 
the corresponding basal ration as was consumed in the preceding test, 
except for ration 10s for steer 2, which included only 1,000 gm. of 
glucose. Because of its unpalatability, ration 6 was not readily con¬ 
sumed and could not be supplemented with as much glucose as the 
rations containing lai^er percentages of protein. Ration 6s for 
steers 1, 3, and 4, therefore, included only 400 gm. of glucose and for 
steer 2, 1,000 gm. While on each ration, each steer received daily 
28 gm. of sodium chloride, 56 gm. of tricalcium phosphate, 30 gm. of 
dried yc'asl,, and 10 gm. of a fortified cod-liver oil. The average 
protein content of the various rations, all supplements included, is 
given in table 2. The average composition and gross-enei^y con¬ 
tent of the timothy hay, corn, cottonseed meal, and glucose used 
throughout the experiment are given in table 3. 

In order to avoid possible age effects on the utilization of energy, the 
rations wen* fed in different order to the various steers, as indicated 
in table 4, which also gives the average body weights of the steers 
during both the collection periods and the respiration tests, which in 
most cas(‘s followed the corresponding collection periods. Each 
('xp(>rimental feeding period was preceded by a preliminary period on 
the same amoimt of feed, varying in length from 5 to 18 days, with 
three exceptions when the preliminary feeding lasted only 3 days, i. e., 
for steer 2 on ration 15 and steer 3 on rations 10s and 20s. The dry 
matter and gross enei'gy consumed daily in the various experimental 
periods are shown in table 5. 

Table 2. Average protein content of dry matter of basal and supplemented rations 


Fed- 


Unsuppleinciited . . 
Siippleinentod with glucose 


Rations 6' 

Rations 10 

Rations 15 

Rations 20 

and 6s 

and 10s 

and 15s 

and 20s 

Perernf 

Percent 

Peresnt 

Percent 

7 53 

9 94 

15 57 

22.41 

7 13 

7 69 

11 85 

16 20 

1 


> For steer 1, the protein content of the unsuppleinented ration 6,77 j>eroent. 


Table 3.- Average percentage composition and gross-energy content of feeds 


Feed 


Timothy hay__ 

Ground corn... . 
Cottonseed meal .. 
Glucose . 


Dry matter 

Crude 

protein 

Crude fiber 

Gross 
energy per 
gram 

Percent 

Percent 

Percent 

Calories 

91.41 

5 53 

33.46 

4.052 

88 79 

9 21 

2 01 

3.985 

92.90 

40.31 

10.93 

4.557 

91.09 

* - 

. 

3.322 
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The fasting periods were interposed among the various feeding 
periods in such a way as to secure information concerning the effects 
of high and low levels of prefeeding on the heat production during the 
fourth and fifth days of a following fast. One fasting period preceded 
all feeding periods for each steer and two fasting periods were run after 
the regular schedule of feeding, one immediately after the last experi¬ 
mental period, wliich for all steers was a period in wliich a sugar-sup¬ 
plemented ration was fed, and the other following an adequate feeding 
period of at least 2 weeks on the same ration minus its sugar supple¬ 
ment. The other fasting periods were, for all steers, interposed be¬ 
tween the second and third and the sixth and seventh feeding periods. 

All rations during each period and all (‘ollections of urine and feces 
were analyzed for nitrogen and their heats of combustion (gross 
energy) determined in an adiabatic Parr oxygen-bomb calorimeter. A 
few were analyzed also for crude fiber by the official method of the 
Association of Official Agricultural Chemists. 

All calorimetric calculations were made on the basis of daily heat 
productions corrected to a standard day of 12 hours standing and 12 
liours lying down, following the procedure introduced by Armsby. 

Table 6 . — Fasting heat prodnction of the steers expressed in calories per day per W'lg 


Heat production for fa.stinR period No.— 


Stoor No. 

' i = 

3 1 4 ; 5 

i 

Average 

1... . 

Caloriff | Calories 

64 53 1 56 39 

71 ,39 1 74.92 

72 99 1 81.87 

70 34 I 78 4.5 

Caiories 

79 05 
78 03 
70 17 
69 59 

Calories ' Calories 

76 15 1 64.42 

81. 24 71 76 

71 99 i 69 19 

67 18 1 65.29 

Calories 

68 11 
76.47 
' 73.24 

70 17 

2 . i 

3 .. 

4 .... 

AvernRc . . _ 

69 81 ; 72 91 

74 21 

74 14 ' 67 67 : 71 75 

• 



EXPERIMENTAL RESULTS 

FASTING HEAT PRODUCTION 

The fasting heat ])roduction (table 6) varied from period to ])eriod 
in a disturbing and unexplainable fashion, an experience that Forbes 
and his associates also recorded (8). The values showed no correlation 
with the average respiratory quotients prevailing during the test nor 
with the level of feeding immediately preceding the test. The coeflS- 
cient expressing the correlation between the fasting heat production 
per clay and the daily dry matter consumed in the immediately pre¬ 
ceding period, both expressed to the body weight in kilograms raised 
to the 0.75 power, was +0.188 for the 20 detorminations. According 
to Fisher (5, p. f76), for a probability no smaller than 0.1 that the 
indicated correlation is a result of the operation of fortuitous fac¬ 
tors only, the coefficient should be as large as 0.36. It may reasonably 
be (‘oncluded, therefore, either that no correlation exists or that it is 
quite inappre(*iable in comparison with other determining factors. 

For the purpose of computing the heat increments of the basal 
rations, the average heat production for each steer per w as used, 
as given in the last column of table 6. The variations in fasting heat 
production were thus not considered in the calculations simply because 
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the heat increments obtained by so doing were considerably more 
variable than those obtained on the assumption of a constant basal 
metabolism. 

The day^s heat production dropped from the fourth to the fifth day 
of fast in 16 of the 20 tests, but on an average this decrease amounted 
to only 3.44 percent, possibly of the same order of magnitude as the 
decrease in body weight. The average respiratory quotient for the 
fourth day of fast was 0.727, and for the fifth day, 0.739. 

HEAT INCREMENT OF GLUCOSE AFTER FASTING 

Following the second fasting period for each steer, glucose was 
given as follows, and the heat production determined for the subse¬ 
quent 12 hours, or, in one case, 24 hours: Steer 1, 100 gm. at 8 a. m., 
12 m., and 4 p. m.; steer 2, 500 gm. at 8 a. rn. and 2 p. m., though of 
th(' latter only 65 gm. was consumed; steer 3, 500 gm. at 8 a. m.; stiver 
4, 500 gm. at 8 a. m. For steer 3, sugar feeding was repeated after 
the third fasting period, 600 gm. being given at 8 a. in. The n'sjiira- 
tion results pertaining to these sugar tests are siimmariziHl in table 7. 


Table 7. Effect of glucose feeding on the fasting metabolism of steer>< 


1 

2 

3 , 

3 

4 



Heat production 
duriiiK fast ‘ 



A\crape rcwSjurutor.N (pioticrits 

N<» 

Foiiith 

day 


(lUlcosc 

fJUCIl 

Heat pro¬ 
duction - 
after 
supar 

Fastuig 

\ftcr 


r III 11 
da> 


feeding 

Fourth ' 

Fifth 

sugar 

feeding 




i 


dH> 1 

da.\ 


C '(ihneH 

('alonrx 

Ora m v 

('atone9 | 

■ 




,i, 101 1 

2.010 i 

300 i 

1 544 1 

0 HI.5 . 

0 857 

' 0 012 

. 

4. IH7 

4.207 i 

505 1 

2.33,5 1 

757 ; 

710 

HIM) 


133 1 

5.020 1 

:kh) 

2. 50h ' 

711 , 

712 

7K1 


4.047 ■' 

1.H45 ' 

l:(K) 

1 ‘ 4 021 ! 

745 i 

7.50 

700 

- --- ! 

007 , 

5,040 ! 

.500 

1 2. 402 ' 

730 ' 

705 

702 


1 24-h()Ur perificl 

‘ 12-hour penod only except for second \alue for steer 6. 


The heat production of th(» steers was practically unafr(‘cte(l by 
sugar fecHliiig, or inappreciably aflected, except in th(‘ cas(‘ of steer 2, 
altliough the respiratory quotients indicated sugar oxidation in all 
cases. The perccaitage difference's betwec'n the heat production (ex¬ 
pressed per 24 hours) following sugar feeding and the heat jirodiiction 
of the fifth day of fast were -|- 5.7 for steer 1, +8.3 for stet'i* 2, —0.26 
and +1.56 for steer 3, and —1.12 for steer 4. The last three devia¬ 
tions are well below the expected (average) percentage deviation b(*- 
tween succf'ssive days on the same feed (2.65, see p. 858), and tin' 
first deviation is not improbably Ixyond the expected rang(L If the 
deviation for stec'.r 2 rcpres(uits a tnw, specific dynamic effect, its 
magnitude has been greatly exaggerated by the metliod of calculation, 
according to which the heat production of tlu' 12-hour subperiod 
within which the sugar was given and undoubtedly most of the heating 
effect was exerted wras multiplied by 2. 

Tests for sugar in the urine following sugar feeding were negative. 
In the second test on steer 3, the heat production for the first 12 hours 
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was 2,561 calories and for the second 12 hours, 2,360 calories. The 
respiratory quotients in successive 6-hour periods following the con¬ 
sumption of 600 gm. of sugar were 0.764, 0.794, 0.858, and 0.744. 

Evidently under the conditions of these experiments, glucose may 
exert no specific dynamic effect, even though it undergoes oxidation. 
That sugar oxidation was not more pronounced than the rather small 
rises in the respiratory quotient indicate may be because “it is more 
important to replenish the carbohydrate stores than to use the in¬ 
coming carbohydrate for fueP^ {18), Sugar feeding did not accelerate 
the paunch fermentation, since subsequent to glucose ingestion the 
chamber air contained little or no methane. 

USE OF THE FASTING HEAT PRODUCTION IN THE COMPUTATION OF HEAT 
INCREMENTS OF FEED 

The purpose of determining the fasting heat production of the exper¬ 
imental Steel'S was to afford a base for the computation of the heat 
increments due to feeding. This is a commonly used procedure, both 
among physiologists (such as Rubner and Lusk) interested in the 
stimulating effect of nutrients on metabolism, and among nutritionists 
(such as Benedict) interested in determining the losses of food energy 
in m(‘tabolism as extra animal heat. Forbes and his associates (9) 
have used tlie same procedure in determining the utilization of feed 
(UKU'gy for the maintenance of dairy cattle, but since 1928 these 
inv(‘stigators have decided that this procedure is grossly in error. 
Tlu'y now b('liev (‘ tliat the fasting hc^at production of an animal consists 
of two comporu'iits, a hypothetical minimum basal level of metabolism 
and an increment representing the waste heat of the body nutrients 
catabolized during fast. On this understanding, the difference in 
heat production betwc'cn the fasting condition and any level of feeding 
does not giv(» tlu' true lu'at incremcmt of the food but gives, rather, 
this increment minus the waste heat- saved by the sparing of body 
nutrients. Originally projiosed as a theory to account for tlie depar¬ 
ture from linearity below the point of energy equilibrium of the curve 
relating heat production in cattle to the intake of dry matter, this 
understanding of the nature of the fasting catabolism has assumed the 
character of an established fact in the minds of its proponents, on the 
basis of which the work of others has been severely criticized (6,11^ 22), 

It is the intention of the writers to use th(' classical method of 
computing heat inc!'(*m(*nts in this paper in estimating the net energy 
values of the (‘xperimental rations. The arguments that have been 
advanced in favor of the theory of Forbes {20) are unconvincing, 
mainly because the supporting data cited are open to other interpreta¬ 
tions than those selected. In other words, the supporting evidence 
may be considered as in harmony with the theory, but not as demon¬ 
strating its truth. The experimental evidence addiu'ed by Kriss, 
Forbes, and Miller {22) is open to criticism on the basis both of the 
experimental technic used and of the methods of correcting the heat 
increments of dietary nutrients for the assumed waste energy of body 
nutrients spared. And finally it may be said that some experimental 
evidence may be cited that is difficult, if not impossible, to harmonize 
with the theory. 



Table 8, —Nitrogen and energy balances per day with steers on different rations 
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BALANCES OF NITROGEN AND OF ENERGY 

Although the attempt was made to feed the various basal rations at 
the maintenance level, this proved to be more difficult to attain in the 
time available for the tests than was anticipated, largely because the 
steers were still in the pejriod of active growth. In the clesire to avoid 
submaintenance feeding in particular, too much of the rations was fed 
in all cases but two, and po^iitive energy balances were obtained 
ranging, on an average, from 812 to 1,368 calories per day, and in 
individual cases from 492 to 2,798 calories per dw (table 8), the next 
highest individual value being 1,838 calories. The results with the 
lowest protein levels, rations 6 and 6s, cannot, unfortunately, be con¬ 
sidered satisfactory because of the unpalatability of the rations and 
tlie consequent irregularity in the consumption of food. 

The average increases in energy balance brought about by the sugar 
supplements were 976, 834, and 1,249 calories per day for rations 10s 
over 10, 15s over 15, and 20s over 20, respectively. The individual 
differences were quite variable, especially between rations 15 and 15s. 

The nitrogen balances increased with increasing percentages of 
protein from an average of 5.65 to 19.86 gm. per day. The protein¬ 
sparing effect of the sugar supplements was evident only with rations 
15s and 20s, their nitrogen balances being quite definitely greater 
than those of the corresponding basal ration. 

Table Losses of chemical energy^ and mHaholizahle energy of different rations 

fed to steers 



Energy fwr kilogram of dry matt(*r 


Percentage energ> 


Ration and steer No. 

Total 


Lost in 

- 

Metab-! 

Lost in- 

- 

Metab- 

oliza* 

ble 


Feces 

rrine 

Methane 

ble 

Feces 

I'rine 

Methane 

Ration H 

1 Cahnes 

Calorieit] Cahries 

Cahrte^ 


Percent 

Percent 

Percent 

Percent 

1 . ... . 

4,357 

2,093 

138 

341 

1,784 

48.05 

3 17 

7.82 

40 96 

2_ 

4,391 

1,961 

107 

354 

1,979 

44 43 

2 43 

8 00 

45 08 

5. 

4.395 

1,544 

130 

269 

2,451 

35.14 

2 95 

6 13 

55 78 

1 - . 

4,383 

1,653 

130 

337 

2,264 

37 71 

2 96 

7 68 

51.65 

ANerape' 

4,390 

l,71fi 1 122 

320 

2,231 

39.09 

2 78 

7 29 

50 84 

Rrituin ()«! 










1 . 

4,28G 

2.126 

77.3 

341 

1,712 

49 61 

1 80 

7 95 

40 64 

3 .. ^ 

4,'251 

1,'M5 

113' 

" 28 , 3 ’ 

’ 2,349 

.35 42 

2.66 

6.67 

55.25 

4 . .. 

4,304 

1,680 ! 113 

335 

2,176 

39 03 

2 63 

7.78 

1 50.56 

A \ erap(‘ 

1 4,280 

1,770 

lOl 

320 

2,089 

41 35 

2.36; 

7 47 

; 48,82 

Ration 10 

1 

1 , 

1 4,417 

1,643 

84.4 

375 ! 

2,314 

37 20 

1.91 i 

K 50 ' 

52.39 

2 . 

' 4.450 1 

1,812 

92 6 

IftMj 1 

1 2,279 

1 40 72 

! 2 08 

.5 98 1 

51.22 

3 

4,422 i 

1.7S1 

91 1 

! 345 i 

2,205 

1 40 28 

i 2 06 , 

7 80 , 

49 86 

4 

4,441 

1.4.59 

KKi 

272 I 

! 2.604 

32 85 

2 38 

6. 13 i 

1 58,63 

A verape 

4,432 

1.674 

93 5 

314 

2.350 

1 37 76 

i 2 

7 10 ; 

: 53,03 

Ration lOs 

1.. 

1 4,171 

1,356 

76 3 

211 i 

i 2,527 

32 52 

1.83 

5 06 

60.59 

2 

1 4,215 

1,8.54 

57 1 

2.% ! 

2.099 

43 98 

1.35 , 

4 88 ' 

49.79 

i? .r 

1 4,220 

1,649 

68.7 

297 

2. 206 

39 07 

1.63 ! 

7 04 : 

52 26 

4 .. 

1 4,191 

1,473 

73 5 

.303 1 

2.342 

35 14 

1.75 1 

7.22 1 

55 89 

Average. 

4,199 

1,583 

68 9 

254 j 

2,294 

37.68 

1 64 ; 

6 05 ' 

54 63 


^ Omit Imp: tho data for steer 1. 
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Table 9. —Losses of chemical energy, and metabolizable energy of different rations 

fed to steers —Continued 


Eiu'FRy iK'r kilogram of dry matter 


Percentage energy 


Ration and steer No. 

Total 


Lost m- 

- 

Metab¬ 

oliza¬ 

ble 


Lost in- 


Metab¬ 

oliza¬ 

ble 


Feces 

Urine 

Methane 

F'eees 

Urine 

Methane 

Ration 15 

Calories 

Calories 

Calories 

Calories 


Percent 

Percent 

Percent 

Percent 

1 . _ 

4,511 

1,374 

119 

317 

2,700 

30 47 

2 05 

7 03 

.59 85 

9 

4.489 

1,303 

IH 

318 

2,754 

20.02 

2 .54 

7.09 

61 35 

3 __ 

4. 534 

1,539 

120 

283 

2,586 

33.95 

2 78 

0 24 

57.03 

4___ 

4,508 

1,041 

100 

345 

2,410 

30.40 

2 35 

7 65 

,53 00 

Average 

4,510 

1,404 

110 

310 

2,014 

32.40 

2 58 

7 (X) 

57 90 

Ration 15s* 

1 ... - 

4,228 

1,223 

88 0 

293 

2.624 

28 93 

2 09 

0 93 

02.05 

2__ 

4.209 

1,200 

78 8 

348 

2,582 

29.62 

1 85 

8. 16 

00. 48 

3 ___ . 

4,247 

1.340 

02.8 

241 

2.597 

31 70 

1 48 

5 68 

01 14 

4. 

4,279 

1,270 

08 5 

322 

2,019 

29.07 

1 00 

7 62 

01.21 

Average_ 

4,250 

1,275 

7.47 

301 j 

2.000 

29 96 

1 70 

7 07 

01 21 

Ration 20 i 

1 . 

4, 

1,319 

139 

332 ! 

2. 774 

28 90 

3 04 1 

1 

7 28 1 

00. 78 

2 

4,501 1 

1,310 

122 

313: 

2.757 

29 09 

2 71 1 

0 90 1 

01 24 

3 ’ 

4,502 1 

1,297 

148 

.349 ■ 

2,708 

28 44 

3 24 1 

7 05 1 

tlO 07 

4. 

4,573 ! 

1,380 

137 

277 ' 

2.779 

_ _ _ _i 

30 17 1 

3 00 1 

0 oti i 

00 77 

Average 

4,550 1 

1,320 

130 

318 j 

2,770 1 

29 15 1 

3 00 [ 

0 99 1 

00 80 

Ration 20.S i 

■ ' 1 

1 

1 



1 




1.' 

4,30S ' 

1.120 ■ 

83 8 

390 1 

2,701 ; 

20 15 1 

1 94 ' 

9 20 

02 71 

2.1 

1,275 1 

1,200 1 

52 8 1 

228 ' 

2,728 ! 

29 01 1 

1 23 

5 33 

03 83 

3 .. j 

4,310 i 

1, 123 1 

74 5 ! 

329 

2,790 ! 

20 01 1 

1 73 

7 02 

(A 04 

^.-. 1 

1,301 i 

1,300 i 

75 6 1 

200 ' 

2.008 

31 00 1 

1 70 1 

0 05 ' 

00 59 

Average. 

4,301 1 

1,219 1 

71 7 1 

303 

2.707 

2S 34 

1 Of) ' 

7 05 ! 

02 95 


METABOLIZABLE ENERGY IN THE RATIONS 

The wastages of ener< 2 :y in urine, feces, and methane,^ und the 
iriatabolizable energy remaining for the various rations and steers 
are summarized in table 9. The following jioints are noteworthy: 

Tiie metabolizability of the gross energy of the basal rations in- 
creased progressively from ration h to ration 20 as the following 
average percentages show^: 50.84, 53.03, 57.90, and (>0.80. This is 
probably not an effect of the increasing protein per(‘entage but a 
result of the increasing ])roportion of concentrates and the decreasing 
proportion of timothy hay. 

Although glucose itself is completely absorbable and highly metab¬ 
olizable, the metabolizable energy as a percentage of the gross energv 
in the basal rations suplcmcntecl with glucose to the extent of about 
30 percent of their gross energy is only slisrhtly greater than that of 
the basal rations alone. These slight differences are in part the 
result of smaller proportionate losses of energy in the urine, occasioned 
by a reduction in the proportion of protein in the rations, and in 
part the result of variable and inconsiderable decreases in the pro¬ 
portionate loss of energy in the feces. It is noteworthy that neither 
the absolute amounts of methane produ(*ed nor the percentage loss 
of energy in methane w^as appreciably different for the rations supple- 

^ The methane was determined in the chamber air by analysis, using the gasometrle methane analyzer 
of Carjx'nter. 
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merited with glucose as compared with the basal rations. Obviously 
the glucose supplements, though highly fermentable themselves, did 
not stimulate fermentation in the paunch insofar as methane produc¬ 
tion is a criterion. 


Table 10. — Net-energy values of rations 


Net energy value 


Stwr No. 

a 

.2 

Per kilogram of 
dry matter 

As percentage 
of metaboliz¬ 
able energy 

Ration 

Per kilogram of 
dry matter 

.As percentage 
of metaboliz¬ 
able energy 

Ration 

Per kilogram of 
dry matter 

As percentage 
of metaboliz¬ 
able energy 

Ration 

Per kilogram of 
dry matter 

As percentage 
of metaboliz¬ 
able energy 



Calo- 

Ver- 


Cfl/o- 

Per- 


Cato- 

Per- 


Calo- 

Per- 



Ties 

cent 


rtes 

cent 


Tien 

cent 


Ties 

cent 

I __ 

h 

' 1,019 

«57 1 

Os 



10 

1. 732 

74.9 

10.S 

1..597 

62 8 

2 

« 

J,4S9 

75.2 

Os 



10 

1,403 

M 2 

10s 

1,373 

65.4 

’ _ 

ti ! 

2.014 

82 2 

Os 

1.787 

70 1 

10 

1,004 

75 5 

10s 

1..510 

08 4 

4. 

« 1 

1.538 

07 9 

Os 

1.014 

74 2 

10 

1,898 

72 9 

10s 

1.085 

71 9 

A V(‘ragt‘ - 


1.080 

75 1 


1.701 

75 1 

- 

1.089 

71 9 

— 

1.541 

07.1 

1 j 

15 

1.859 

08 9 

15s 

1,480 

50 G 

20 

1.884 

07 9 

‘ils 

1.082 

02 3 

2- . . - - 

15 ' 

2.032 

73 8 

15s 

1. o:i9 

63 5 

20 

1,954 

70 9 

20s 

1,820 

00 9 

. ! 

15 , 

1.813 

70.1 

15s 

1,040 

03 4 

20 

2.175 

78.0 

20s 

1.978 

70 9 


15 I 

1.8(M) 

74 5 

15s 

1.884 

71.9 

20 

1 1,918 

09 0 

20s 

1,805 

71.5 

Avorago . . | 


1.870 

! 71 8 


1 I.OIH 

63 9 


j 1,983 

71.0 


1 m 

07 9 


I Not included lu the average.s becau-se of irregular consumption of food. 


NET ENERGY OF THE RATIONS 

Th(* nct-ciiergy values of the rations, expressed both in calories per 
kilogram of dry mattc'r and in percentage of the metabolizable energy, 
are given in table 10. These values have all been computed by the 
use of lieat increments observed above the fasting heat production, 
estimated in each feeding period from the average body weight of the 
steer and the average for the steer of the results of the five basal 
metabolism periods, expressed in calories per WJ®. In the discussion 
of table 10, the results for rations 6 and Os will not be considered 
because of their incomplettuiess and of their impaired significance 
brought about by the irregular consumption of food. 

Expressed on the dry-matter basis, the net-energy content of the 
three basal rations increased, on an average*, with the increase in 
protein contemt, the values in ordeu* being 1,689, 1,876, and 1,983 
calorie's per kilogram. However, the metabolizable* e*ne‘rgy on the 
same basis also increase'el—2,350, 2,614, and 2,770 calories (table 9)—~ 
so net availability of the metabolizable emergy averaged practically 
the same for all, i. e., 71.9, 71.8, and 71.6 percent. Although the 
protein content of ration 10, and to a le*ss extent of ration 15, was 
elefinitely inadequate for the maximum retention of nitrogeii (see 
table 8), the insufficiency evidently did not impair the utilization of 
the* metabolizable energy. 

The growing beef st(*(*r thus differs from the dairy cow in milk and 
from the growing rat in that the metabolizable eiu'rgy of rations in¬ 
adequately balanced with respect to protein is just as well utilized as 
the metabolizable energy of rations containing adequate amounts of 
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protein. It is possibles that in the improved beef breeds of cattle the 
process of fat formation is just as efficiently performed, at least within 
certain limits, as the process of growth with respect to the utilization 
of food energy. In such a case, food energy consumed above the 
quota of balanced nutrients in the ration that can be used in the 
synthesis of organic complexes for the production of new body tissue 
is diverted to the adipose tissues and there synthesized to fat with an 
efficiency equal to that realized in the growth process. This would 
mean that the heat increment of nutrients used in fatt(ming is no 
great(T than that of nutrients used in growth. If these heat incre¬ 
ments arc determined by the plethora of nutrient material in the 
intercellular fluids, and, for a given intake of food, if the plethora is 
dependent on the rate of withdrawal of the end products of digestion 
from these fluids, the equality of utilization of energy in fattening and 
in growth implies an equality in rates of synthesis of body fat and of 
protoplasm. 

On the same basis of reasoning, M0llgaar(rs analogous work on 
dairy cows in milk {28, pp. 160180) would mean that the rate of 
synthesis of the organic constituents of milk is greater than the rate 
of synthesis of body fat and of protoplasm, a proposition that is 
perfectly obvious. 

On the other hand, it is not surprising that such an animal as the 
albino rat, which does not fatten readily, since it has not been se»lec- 
tively bred wdth that> end in view, should construct protoplasm during 
growth at a faster rate than it can dispose of excess food by synthesis 
into fat. Hence, of two comparable rations, the one with a content 
of protein permitting the greater utilization of food energy in growth 
would produce the smaller heat increment. This Hamilton {13) has 
shown in his carefullv controlled experiments. 

The variability of the net-encTgy values for the individual steers and 
the 6 experimental rations was not extreme. The root-m(»an-square 
deviation of all 24 values from their respective means was 127 calories, 
equivalent to 7.20 percent of the mean net-energy value, i. e., 1,707) 
calories. As previously reported {26), iho writers have computed 
from 4 recent publications of Forbes and his associates an average 
percentage difference of 7.1 between pairs of detcTminations on differ¬ 
ent steers of the net-en(*rgy value of rations for maintenance, with 
individual differences as high as 13.9 percent. Tin* earlier work of 
Armsbv shows individual diff(‘rences up to 24 percent. Kleiber {21) 
has calculated a coefficiiuit of variation of 11 percent exhibited by a 
series of 11 determinations of the net-energy value of starch rc'ported 
by Kellner and Kuhn. 

The percentage differences between th(» heat productions during 
adjacent days in the calorimeter of the steers in this experiment while 
on feed averaged 2.05 ±1.30 for 60 com pari .sons, as compared with an 
average of 2.73 ±1.48 for 75 .similar comparisons from the work of 
Armsby and Fries {!), The probable errors appended to the above 
means deflne a range within which the probability that a single devia¬ 
tion will fall is 0.5. 

AVAILABILITY OF THE ENERGY OP GLUCOSE SUPPLEMENTS 

By the usual methods of estimating the metabolizable and net energy 
of supplemental feeds added to a basal ration, the energy values of the 
glucose supplements to the various basal diets used in these experi- 
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ments have been determined, making allowances for differences in the 
body weights of the steers in comparable periods and for small differ¬ 
ences in the consumption of the basal rations. The results of these 
estimations are summarized in table 11. 

Table 11 .—Metabolizable and net-energy values of the glucose supplements in the 

different rations fed 


Rations from which comjujted an<l steer No. 

Olucose 
calories in 
percentage 
of baspl 
calories 

Energy per kilogram of 
dry matter 

Percentage 

net 

availability 

Metabo¬ 

lizable 

Net 

of metabo¬ 
lizable 
energy 

Rations 10tuKllOs , 

Percent 

Calories 

Calories 

Percent 

1 

32 

3.131 

1,260 

40 

2 _ _ . _ _ : 

26 

1, .536 

1,094 

71 

3 . ... _ 

28 

2,209 

1,066 

48 

4 . ..- 

2:> 

1,471 

978 

66 

Averaue . . . . .... 

28 

2,087 

1,C97 

56 

Rations 16 ami 1,% 

1 




1 .. 

29 

2.402 1 

410 

17 

2 . .. 

26 

2,054 

2,624 

431 

21 

3 . .. 

31 

1,219 

46 

4 . 

28 

3, 210 

1,895 

.59 

\veraco_ . . . - - 

28 

2.572 

989 

36 

Rations 20 and 20'5- 

1 ..... . . 

21 » 

2,5(K) 

1.117 

4.5 


31 

2, 654 

1,488 

66 


28 

2,853 

1,416 

50 

4 . 

31 

2, 166 

1,737 

80 

Averace. 

! 30 

( 

2, 643 

1, 439 

68 


The great variability exhibited by the individual estimates, par¬ 
ticularly the low net-energy values for steers 1 and 2 on ration 15s, 
are to be ascribed in part to the fact that the glucose supplements could 
not be fed in amounts greater than 1,200 gin. if consistently complete 
consumption was to result with all basal rations. This amount on 
the gross-energy basis was equal to only 30 percent of the basal ration. 
Indirect determinations of heat increments under such conditions can¬ 
not possess great accuracy. The variability may also be a result of 
the extreme irregularity of glucose absorption in the ruminant as 
revealed by the studies of Von Teiclmiann and Logischen {S3) and of 
Krzywenek and Bruggemann {23) on the blood-sugar curve in cattle 
following glucose feeding. Since sugar is readily fermentable in the 
paunch, its destruction by the paunch organisms may be expected to 
vary with conditions not under the control of the investigator. Fraps 
{12) has shown, for example, from a study of digestion coefficients in 
American experiments published prior to 1924, that the digestibility 
of crude fiber in ruminants, brought about entirely by the paunch 
orpinisms, is two or three times as variable as the digestibility of pro¬ 
tein- and nitrogen-free extract. 

Because of this variability, average differences in the utilization 
of the energy of the glucose supplements for the different basal rations 
cannot be considered significant. The average of all 12 estimates in¬ 
dicates that glucose, with a gross energy value of 3,680 calories per 
kilogram of clry matter, possesses on the same basis 2,401 calories of 
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metabolizable energy and 1,175 calories of net energy. An average of 
65 percent of its gross energy was metabolizable, while of the metabo¬ 
lizable energy 50 percent was net available. 

As far as the writers arc aware, calorimetric determinations of the 
value of glucose in cattle feeding have not been reported in the litera¬ 
ture. However, comparison of the above values with those reported 
for starch is of interest. Amisby and Fries {2) have reported 1,636 
calories per kilogram as the net-energy value of starch, 81.1 percent 
of the gross energv being mc'tabolizable, and 49.2 percent of the latter 
being net available. The results of Kellner and Koliler {20)^ recom¬ 
puted by Armsby and Fries (^), assign a value of 1,803 calories of net 
energy to the kilogram of starch, with 73.8 percent of the gross 
energy metabolizable and 58.8 percent of the latter net available. 
The values found for glucose in the writers’ experiments are lower 
than those reported for starch, the difference being in the metab- 
olizability of the gross energy, which was 65.2 percent for glucose 
and 81.1 (Armsby) and 73.8 (Kellner) for starch. The net availability 
of the metabolizable energy was not greatly different for glucose and 
starch, being 50 percent for the former and 49.2 (Annsby) and 58.8 
(Kellner) for the latter. 

Kellner {19) has rc'ported a net-energy value for sucrose that is 24 
percent less than that found for starch and has attributed this (hhcit 
to the ready fermentability of sucrose. In tlu^ waiters’ experiments, 
glucose did not increase the methane production over that of the basal 
rations (table 9). However, as Woodman and Evans {SO) report, 
paunch bacteria are able to fenneTit glucos(* much more readily than 
cellulose, so that glucose would be expected to di'press the fennenta- 
tion of cellulose and other polysaccharides indig('stible by body- 
enzyme action. This w'ould be an associative effect of glucose in 
digestion that would depress tin* (estimated m(*tabolizabl(‘ eiuu’gy of 
glucose below its true value. 

Table 12. — DigcstihiUiy of erode fiber in basal rations and in rniimis supple¬ 
mented with glucose 


St(*or Xo. 

j Ration 

j ! 

i i!i 

1 IS 1 

20 j 

Of crude fiber 1 

' Dipestibility 
of crude fiber 

1_ . , - - . 

2 . . _ ^ ! 

:i - ..- _ _ i 

Avorape . ..-.. . 

PtTceut 1 

.U 72 ' (ks 

ar> f»r» , los 

liH 48 , Ifis 

»o ! 20s 

Percent 

30 Ifi 
21 3fi 
20 70 

31 70 

..J 

30 04 , 

20 74 


To determine whether such an effect was manifested in this experi¬ 
ment, the digestibility of crude fiber was detennined for one of the 
steers on each of the basal rations, unsupplemented and supplemented 
with glucose, with the results given in table 12. There was in fact a 
distinct depression in the digestibility of the crude fiber, amounting 
to more than 25 percent, and this aepression would be experienced 
not only by the cellulose contained in the crude fiber but also by that 
present in the nitrogen-free extract (SO) and probably by the hemi- 
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celluloses that are also dependent on bacterial action for their diges¬ 
tion.^ 

Hence, it seems fair to conclude that the low metabolizability of 
the gross energy of glucose by cattle, and presumably other ruminants, 
is a result both of its own partial destruction by the paunch flora and 
fauna and of its inhibition of the fermentation of the insoluble poly¬ 
saccharides of the basal ration that depend upon such fermentation 
for their digestive utilization. A definite depressing effect of molasses 
on the digestibility of crude fiber in sheep, quite analogous to the 
effect of glucose demonstrated in table 12, has been reported by 
Briggs (S)—notwithstanding his conclusions to the contrary—and by 
Scharrer and Nebelsiek (31). No uniformly depressing effect of cane 
molasses on the digestibility of crude fiber by dairy cows was observed 
by Williams (35). The depressing effect of glucose on the digestion 
of the insoluble carbohydrates of feeds would not be produced in 
calves less than 3 months of age because the paunch is not formed 
until then, according to the X-ray studies of Magee (34). 

However, the poor utilization of glucose cannot be traced entirely 
to its effect upon the digestive process in the paunch, since Fingerling 
and Schoeneniann (4) and Schoenemann (33) have shown that 
another sugar, sucrose, giving rise to glucose in digestion, has a lower 
net-energy value than starch, not only for the steer but also for the 
pig and tlie dog, in which extensive destruction of carbohydrates by 
bacterial fermentation does not occur. Furthermore, the ratio of 
the net-energy value of sucrose to that of starch was not greatly 
different among these diverse species, being 1:1.37 for the dog, 1:1.28 
for the pig, and 1:1.32 for the steer. The nature of this difference 
between the utilizations of starch and sucrose is unknown and is an 
interesting subject for future research. 

CONCLUSIONS 

In experiments upon four steer calves, involving 32 collection 
periods for the determination of metabolizable energy and 52 tests in 
the respiration chamber, results were obtained that support the 
following conclusions: 

(1) The utilization of the metabolizable energy in the rations of 
growing calves is not impaired by inadequate levels of protein within 
the limits tested. Apparently, the utilization of food energy in 
fattening is as efficient as that in growth. 

(2) Glucose given in moderate amounts to calves that have fasted 
for 5 days may exert no specific dynamic effect, even though the 
respiratory quotient indicates its combustion. It does not depress 
the fasting level of heat production, even though it probably vspares 
body protein. This fact seems incompatible with the theory that the 
body nutrients catabolized during fasting exert a considerable specific 
dynamic effect. 

(3) The addition of glucose to a basal ration depresses the digesti¬ 
bility of those insoluble carbohydrates (celluloses, hemicelluloses) that 
depend on tlie fermentative action of the micro-organisms of the 
paunch for their digestion. At the same time, the extent of these 
fermentations, as measured by the production of methane, is not 

•This marked depression in the digestibility of crude fiber in ruminant animals by the ingestion of glucose 
has been confirmed by similar (unpublishe<i) experiments on sheep. 
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increased* This effect is apparently a result of the substitution of 
glucose for insoluble carbohydrates as the substrate of the bacteria 
of the paunch. 

(4) Because of this associative effect between glucose and the 
insoluble carbohydrates of the basal ration, estimations of the metab- 
olizability of the gross energy of glucose supplements, averaging 
65 percent, are mucli lower than the true values. 

(5) Under the conditions of feeding followed in this experiment, 
about 50 percent of the metabolizable energy of glucose supplements 
to a basal ration is wasted in the increment in heat production thus 
induced. This wastage is comparable to that reported from other 
laboratories for starch and sucrose. 
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TWO TYPES OF FALL PANICUM SMUT* 

By H. W. Johnson, pathologistf Division of Forage Crops and Diseasest H. A, 
Rodenhiseu, pathologist, Division of Csreal Crops and Diseases, and C. L. 
Lbfbbvre, associate pathologist, Division of Forage Corps and Diseases, Bureau 
of Plant Industry, United States Department of Agriculture 

INTRODUCTION 

The common smuts arc characterized by black or brown, dusty 
masses of chlamydospores that break out on the surface of the infected 
plants. A few cases have been recorded, however, in which the sori 
of the common smuts have been composed of hyaline chlamydospores 
and hence were light-colored instead of dark. Campagna,^ in 1926, 
reported the finding of a single smutted head of wheat at Ste. Anne 
de la Pocatiere, Quebec, Canada, which morphologically showed all 
the symptoms of the ordinary loose smut (Usti^o tritici (Pors.) 
Kostr.), but differed from it by the fact that the spores were hyaline 
and the sport* mass was white instead of black. His attempts to 
germinate the spores all failed and no artificial inoculations were tried, 
so that no conclusions could be reached as to the pathogenicity and 
stability of the organism. He suggested that the white smut was 
perhaps a case of mutation or sudden variation. 

Holton,^ in 1931. reported a buff type of oat smut in which the 
chlamydospores were smooth and colorless, in contrast to the dark- 
brown chlamydospores of the common type of oat smut. This ‘^buff’’ 
smut was produced by a cross between two monosporidial lines that 
originated from interspecific hybrid chlamydospores {Ustilago avenae 
(Pers.) Jens. X f (Kell, and Sw.) Magn.). Further studies led 

Holton ^ to conclude that the buff smut was a result of mutation in 
U. lens and that the change involved only the factor that determines 
color in the chlamydospores. 

Moore and Allison,* in 1935, reported the finding of a single smutted 
head of barh^y at St. Paul, Minn., infected with what appeared to be 
an albino strain of Ustilago hordei (Pers.) Kell, and Sw. The head 
was almost white and was intermediate between the loose smut and 
the covered smut types. The spores were hyaline, smooth, and 
somewhat smaller than those of normal U. hordei. They produced 
promyCelia and sporidia on germination. 

Plants of fall panicum {Panicum dichotomijlorum Michx.) system- 
ically infected with a smut fungus are abundant at Arlington Experi¬ 
ment Farm, Arlington, Va., each autumn. A healthy and a smutted 
shoot of this grass, collected in October 1937, are shown in figure 1. 
The smut fungus agrees well with the description of Sorosporium 


1 Reoeivod for publication Octol)or 11,1»40. 

2 CaMPAUNA, E. “new white SMI T” OF WHEAT, COLLECTED AT STE. ANNE DE LA POC ATIERE. QUCbeC 

Soc. Crotcct. Plants Ann. Rpt U925-2fi) 18: 71-72, 1926. , ^ 

‘UlOITON, C. S HYBRIDISATION AND SEGREGATION IN THE OAT SMI TH. PhytopalholoRy 21 835-842, 
Illus 1931 

* Holton, C. S. origin and prodittion of morphologic and pathogenic strains of the oat smut 
FUNGI BY MUTATION AND H\ BRIDIZATION. JoUF ARF. KcS. 52. 311-317, lllllS. 1936. 

« Moore, M. B., and Allison, C. C. an albino strain of barley smut. (Abstraef* PhytopatboloRy 
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syntherismae (Pk.) Farl. givon by Clinton ® and by Whetzel and 
Jackson.^ Although tliis smut is reported to occur commonly through¬ 
out the eastern part of the United States on various species of Cenchrus 





Figure 1 . —Healthy {A) and smutted {B) shoots of Pameurn dicholornijlonim 
collected at Arlington Experiment Farm, Arlington, Va., in October 3937. 


and Panicum and is known also from Mexico, South America, and 
Bermuda, it appeart^sd that little study had been made of it. Conse¬ 
quently a supply of the dark chlamydospore material was collected 


« Clinton, Geoboe Perkins, order vstilaginaleh. North Amor. Flora 7:1-82. ittOfi. 

WuETZEL, H. H., and Jackson, H S. the rusts and smuts of Bermuda. Brit. Mycol. Soc Trans. 
13:1-32. 1928. 
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and an inoculation experiment was planned to determine the effect 
of incubation-period temperature on infection. 

In the course of the experiment a buff type of smut was observed 
by the writers. The present paper records the results of an investiga¬ 
tion of the pathogenicity of both types and of the relationship between 
them. 

EFFECT OF INCUBATION-PERIOD TEMPERATURE ON PATHOGE¬ 
NICITY OF SOROSPORIUM SYNTHERISMAE 

Seed of fall panicum, collected at Arlington farm in October 1937, 
was dusted with smut chlamydospores (Sorosporium syatherismae) 
on F(d)ruary 23, 1938, and was sown thickly in 4-inch pots of soil. 
Similarly pr(‘pared pots wore sown with noninoculateHl seed as chocks, 
and tli(^ pots were placed in pairs in chambers maintained at 5°, 
10°, 15°, and 20° C. After 26 days under these conditions, the pots 
W(ire all assembled on a greenhouse bench. Two weeks later the 
grass seedlings were transplanted individually to thumb pots and 
were p(u*mitted to grow in these under greenhouse conditions until 
June 22, 1938, when counts were made to determine the percentages 
of infection. The results of these counts (table 1) show that after 
the inoculated seed had been incubated for 26 days at 5°, 10°, 15°, 
and 20° the percentages of plants developing smut were 70.9, 72.5, 
53.3, and 22.2 percent, respectively. The grass seed used in this 
exporinunit was not treated previous to inoculation, but only 4 smutted 
plants d(‘veloped out of a total of 571 check plants grown from the 
noninoculated seed (table 1). 


''PxBLE 1. — Effect of incuhation-period temperature on the pathogenicitxj of Sorospo- 
num syntherismae on Panicum dichotomiflorum at Arlington Experiment Farm, 
ArlingioHy Ua., in 19H8 


Incubation period tcmiTora- 
ture (° (M 

Plants from inoculated smi 

1 Plants from noninoculated seed 

Total 

Smutted 

! Total 

1 

1 Smutted 


i Number 

Number 

Percent 

Number 

Nuviber 

Percent 

n 

1 180 

1 1.34 

70.9 

200 

J 1 

0.4 

10 

1 193 

i 140 

72 5 

194 

2 

1 0 

15 , 

! 00 

I ' 32 

.53 3 

78 

0 

.0 

20 

1 9 

! 2 

22 2 

39 

1 i 

2 6 


• 1 smuttod plant in this lot had huff sori with hyahno, smooth chlamydospores; all oth(‘r smutted plants 
in the experiment had hlaek son with brown, echiniilate chlamydospores. 


COMPARISON OF DARK AND BUFF TYPES OF SOROSPORIUM 

SYNTHERISMAE 

MORPHOLOGIC DIFFERENCES 

While the counts were being made in the above-described experi¬ 
ment, it was observed that one smutted plant in the inoculated lot 
incubated at 15° C. had buff sori. The striking difference in the 
appearance of these two types of smut sori is shown in figure 2y A 
and B. The shredding of the host tissue and the balls of hyaline 
chlamydospores cliaracteristic of the buff-type smut are shown in the 
enlarged view of a buff sorus (fig. 3). 
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Microscopic examination of the chlamydosporos composing the two 
typos of sori revealed not only a difference in color but also a difference 
in the spore wall. The spores of the buff sori are hyaline and smooth- 
walled, while those of the common black sori are brown and echmulatc 
or minutely verrucose. These differences are shown in the photo¬ 
micrographs (fig. 4, A and B). The hyaline spores are almost spheri¬ 
cal in shape, while the brown spores are subspherical or somewhat 



Figure 2.- Two types of smut that developed when seed of fall paiiicum was 
inoculated with chlamydospores of Sorosporium syntherismae collected in the 
field at Arlington Experiment P'arm, Arlington, Va., in 193S: A, Common 
dark-type soriis; By buff-type sorus. Both XI. 

polyhedral. Although the hyaliiu' chlamydospores appear ajipn'ci- 
ably smaller than the brown wh(‘n examined under the microscopt*, 
measurements failed to reveal any great diflerences in size. ()n(‘ 
hundrc'd hyaline chlamydospores had an average diameter of 11.9/x, 
while a hundred brown chlamydospores averaged 12.7g by 11.9/i. In 
a second set of measurements, 25 hyaline spores averaged 11.8/i by 
11.5/Lt, whereas 25 brown spores averaged 12.4/z by 11.5/4. These 
averages all fall within the 9/t to 13/i spore size recorded by Clinton* 
for Sorosporium syntherismae. 


• See footnote 6. 
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Figure 4.' —Photomicrographs showing the contrast in color and cell wall between 
individual chlamydosporcs of the buff type and of the common dark type of 
Sorosporium syntherismae: Ay X350; if, X 1,500. 




Dec. 15,1940 


Two Types of Fall Panicum Smut 


871 


CULTURAL DIFFERENCES 

Single chlamydospore cultures of the two types of smut were estab¬ 
lished and distinct cultural differences were found to e.xist. The cul¬ 
ture of the black smut was of the sporidial typo with a pronounced 
tendency to sector (fig. 5, A) whereas the culture of the buff smut was 
mycelial and quite stable (B). To determine the effect of tempera- 



Fioube 5.—Cultural differences of brown (A) and hyaline (B) single chlamydo- 
spore lines of Sorosporium syntherismae grown on jHitato-dextrose agar for 30 
days at 20® t\ in 1939. 

tiiro on the growth of a hyaline and a brown single chlamydospore line 
of Soros;^riu 7 n syntherismae, the fungus was grown on potato-dextrose 
agar in JErlenmeyer flasks for 30 days. During this period the flasks 
were located in electric incubators at a temperature range of 5° to 
35° C. in 5° intervals. 

The average growth in millimeters made by the two types of cul¬ 
tures at each of the seven temperatures employed is shown graphically 
in figure 6. The similarity in shape of the two curves (fig. 6) shows 
that the cardinal points for the growth of these two types of cultures 
are approximately the same. Both grow slowly at 5° C. and have a 
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distinct optimum near 20° and a maximum somewhere between 30° 
and 35°. The greater radial growth of the buff smut culture was 
apparently due to its mycelial nature, whUo the sporidial typo cul¬ 
ture of the black smut tended to pile up rather than to spread radially. 
It is interesting to note that the optimum temperature for the growth 
of this fungus in culture (20°) is considerably higher than the optimum 
temperature for infection, which was shown in the inoculation experi¬ 
ment discussed above to be from 5° to 10°. 



Figure 6.— Effect of temperature on the growth of a hyaline and a brown single 
chlainydospore line of tSorosporium syniherismae grown on potato-dextrose 
agar for 30 days in 1939. 


EFFECT OF METHOD OF INOCULATION AND INCUBATION-PERIOD TEMPERATURE 

ON PATHOGENICITY 

On March 6, 1939, an experiment was started to determine the 
effect of method of inoculation and incubation-period temperature on 
the pathogenicity of the buff type and of the common dark type of 
Sorosporium syniherismae. On this date seed of fall panicum was given 
parallel inoculations with the dark-type smut and the buff type. 
The following methods were used witli each type: The seed was (1) 
dusted with dry chlamydosporcs, (2) wet with a suspension of chlamy- 
dospores, and (3) placed under partial vacuum in a suspension of 
chlamydosporcs. The inoculated seed was then planted at once in 
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4-inch pots of soil, as in the 1938 inoculation experiment, and the pots 
were placed in chambers maintained at 10® and 20® C. Similarly 
prepared pots were sown with noninoculated seed as checks and were 
placed in the same chambers as the treated pots. In the pots held at 
20® the seedlings emerged between March 14 and 21, and these pots 
wore transferred to a greenhouse bench during this period. In the 
pots held at 10® the seedlings had emerged by April 1, and on that 
date these pots were placed on the greenhouse bench with the others. 
The incubation period in this experiment thus varied from 8 to 26 days 
in length as compared with the uniform period of 26 days employed in 
the 1938 inoculation experiment (p. —). 

Three weeks after the final lot of pots was moved from the incubation 
chambers to the greenliouse, the grass seedlings were transplanted in¬ 
dividually to thunib pots and were permitted to grow in these under 
greenhouse conditions until June 9 to July 17, 1939, during which 
period counts were made to determine percentages of infection. The 
results of these counts arc summarized in table 2. The data pre¬ 
sented in table 2 show that in general a higher percentage of smutted 
plants developed after an incubation period of 10® C. than after an in¬ 
cubation period of 20®, thus confirming the results of the 1938 experi- 
nnuit. These data show further that dusting the grass seed with dry 
chlamydospores resulted in more smutted plants than did cither of the 
moist methods of inoculation. It would appear from these data, also, 
that the common dark type of smut is somewhat more pathogenic than 
is the buff type, since with the latter type of inoculum percentages of 
infection were lower in all but one instance. The noninoculated check 
plants in this experiment all remained free from smut. 

Th(' 68 smutted plants which resulted from inoculation of seed with 
chlamydospores of tln^ buff-type smut all produced only buff sori 
(fig. 7, A and B). This is considered further evidence of the stability 
of tin* buff-type smut. The 240 smutted plants that resulted from 
inoculation of seed with chlamydospores of the common dark-type 
smut all produced only black sori in this experiment. A typical black 
sorus that r(»sulted from inoculation with dark chlamydospores is 
illustrated in figure 7, C. 

Table 2. — Effect of method of inoculation and incuhation-period temperature on 
the pathogenicity of the huff type and the common dark type of Sorosporium 
syntherismae on Panicum dichotomiflorum at Arlington Experiment Farm, 
Arlington, Va., in 1939 



Incuba- 

Plants from seed inoculated with— 

Method of inoculatlnj; seed 

t ion- 
period 
tempera¬ 
ture 

Buff-type spores 

Common dark-type spores 


Total 

Smutted 

Total 

Smutted 

Dusted with chlamydospores _ 

Wet with suspension of chlam- 
ydosiK)res.- _ __ . .. 

Partial vacuum, using suspen¬ 
sion of chlamydospores - 

Noninoculated seed.. 

C 

r 10 

t 20 

f 10 

\ 20 

1 

\ 20 

f 10 

\ 20 

Xumbn 

77 

59 

m 

100 

fi7 

47 

fiO 

53 

1 

Number 

29 

14 

8 

2 

10 

5 

0 

0 

Percent 

37.7 

23.7 

4 9 
2.0 

14.9 
10.0 
.0 

0 

Aw mber 
19fi 
96 
121 
69 
74 
99 
167 
115 

Number 

167 

28 

3 

4 

36 

2 

0 

0 

Percent 
85.2 
29 2 
2.5 
5 8 
48 6 
2.0 
.0 
.0 
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Fkjitre 7. —Buff-type sori {A and U) and common dark-tyj)e ^oru^ (D that de“ 
velopcd when seed of fall panicum wa.s inoculated with hyaline, smooth chlamy- 
dospores and brown, echinulate chlamydospores, respectively, in 1939. XI. 


SUMMARY AND CONCLUSIONS 

^ An exp<^rinicnt was made at Arlington Exporimont Farm, Arlington, 
Va., in 1938, to dotermino the effect of incubation-period tempcu'aturt' 
on the pathogenicity of Sorosporiurn syniherismae (Pk.) Farl. on 
Panicum dichotomyjlorum Michx. After seed tlusted with chlamydo- 
spores liad been incubatful for 2b days at temperatures of 5®, 10°, 
15°, and 20° C., the perctmtages of smutted plants developing were 
70.9, 72.5, 53.3, and 22.2 percent, respectively. 

One smutted plant in tliis experiment was observinl to have buff 
sori composed of hyaline, smooth-walled chlamydospores, whiles the 
other 307 smutted plants all had the common black sori composed of 
brown, echinulate-walled chlamydospores. 

Single chlamydospore cultures of the two types of smut were 
established. The cultures of the buff-type smut whto mycelial and 
stable, while those of the common black-type smut were of the 
sporidial typo with a pronounced tendency to sector. The optimum 
temperature for the growth of each type on potato-dextrose agar was 
approximately 20° C., and the maximum for each was between 
30° and 35°. 
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Inoculations made in 1939 with chlamydosporos of tlic buff-type 
smut resulted in 68 smutted plants, all of which produced only buff 
sori. Parallel inoculations with chlamydospores of the dark-type 
smut resulted in 240 smutted plants, all of which produced only 
black sori. 

It is concluded that the buff smut is a result of mutation in Soro- 
sporium syntheristnae and that the change may involve several genetic 
factors, since the mutant differs from the common dark smut in spore 
color, marking of spore wall, spore shape and size to a minor extent, 
and in degree of pathogenicity. 




COMPARISON OF THE WOOL AND SKINS OF FULL-FED 
AND MAINTENANCE-FED LAMBS ‘ 

By M. X. Sci-uvAN, research professor of chemistry, and W. C. Hess, assodaie 
research professor of chemistry, Chemo-Medical Research Institute, Georgetown 
University, Washington, D. C., and Paul E. Howe, chief, Animal Nutrition 
Division, Bureau of Animal Industry, United States Department of Agriculture 

INTRODUCTION 

It has been known since the early work of Buchtala (6) * that keratin- 
containing substances, such as wool, hair, nails, horns, and skin, are 
particularly rich in the sulfur-containing amino acid cystine. As 
emphasized by Harris and Smith (11), the cystine content is, to a hig h 
de^cc, a measure of the stability and quality of wool. Rimington 
(16), in fact, proved that cystine sulfur accounts for practically all the 
sulfur in wool. This finding has been confirmed by Sullivan and 
Hess (18), who found that the cystine content of the wool tested ac¬ 
counted for 97.1 percent of the total sulfur. However, differences 
have been observed by Rimington (16) in the cystine content of the 
wool from different breeds of sheep, and also by Ramaiyya (15) and 
Marston (IS) in the sulfur content and the rate of growth of wool from 
the same breed of sheep but on different diets. According to Fraser 
(10), the effect of nutrition on wool growth and cystine content is still 
a moot question. 

An opportunity to test the effect of diet on the cystine content of 
both w'ool and skins was afforded by a feeding experiment on lambs 
conducted at the United States Department of Agriculture. Beltsville 
Research C(*ntcr, Beltsville, Md. The results obtained are reported 
in this paper. 

HANDLING OF THE ANIMALS AND SKINS 

The animals used comprised nine pairs of twin Rambouillet wether 
lambs born at the United States Range Livestock Experiment Station, 
Miles City, Mont., in the spring of 1933. The lambs were selected for 
uniformity in age, weight, type, form, grade, and fleece. On the day 
of weaning (September 15, 1933), the lambs were shipped to Beltsville, 
Md., where they arrived on September 29. Experimentd feeding was 
begun on October 13. The animals were kept indoors with only slight 
exposure to direct sunlight but were allowed the run of an outdoor lot 
for a 2-hour period daily except in stormy weather. They were fed 
individually, in separate pens for 112 days, a diet consisting of shelled 
com, 7 parts by weight; and cottonseed meal, 1 part; corn silage; and 
clover hay. Water and rock salt were given ad libitum. One animal 
of each of the nine pairs of twin lambs was full-fed, and the other nine 
animals received the same diet but in quantities that permitted only a 

• Reoelved for publication Octobers. 1940. Aprellmlnary reportonthiswork in relation to wool was pre- 
sented before the American Society of Biological Chemists in 1935 (W). The authors are indeb^ to J. I. 
Hardy of the Bureau of Animal Industry, United States Department of Agriculture, for the sectioning and 
examination of the fibers according to a’technique developed by him, and to F. W. Frey of the Bumu ol 
Chemistry and Soils, now the Bureau of Agricultural Chemistry and Engineering, for the samples of hides 
that he had prepared for use in a study of the histological structure of the same hides (7). 

* Italic numbers in parentheses refer to Literature Cited, p. 8S5. 
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slight incH'ase in weight. A summary of the experimental feeding is 
shown in table 1. 


Tablk 1.— Average daily feed consumed, body weights, and weights of fleeces and skins 
of the full-fed and maintenance-fed lambs * 


Item 

Full-fod 

lambs 

Maintenanco- 
fed lambs 

Daily feed carisumcd 

Pounds 

Pounds 

Sholled corn and cottonsoed moal (mixture of 7 1) 

1.20 1 

0 3:1 

(^ornsiluRe. .. _ 

AM) 

..W 

Clover hay ... . , . . , 

1.01 


Salt.. - - _ -.- . 

.012 

.023 

VV'^ater - .- .. , ... ..... 

3.3K 

l.r)4 

Initial body weiphf . . ... .. .. _ .. 

47 90 

48.00 

Final weight after 112 day.s of feeding. . ... 

88. 70 

49 90 

Weight of scoured fleece __ _ __ ... .. 

2.02 

1.88 

W'eight of hole sk ins... .. . . 

7.88 

i 

3.72 


1 Data obtainiMl by V. L. Simmons, of the Bureau of Animal Industry, in connection with the managonnuit 
of the animaK. 


At the end of tli(' experiment (February 2, 1934) the wool was (‘ol- 
leeted st^parately from each lamb. If soiled, th(^ samples wen* 

skirted” before being analyzed, that is, soiled edges were sheared. 
The skins were weighed immediat(4y after n'lnoval h'orn the carcass. 
The l(‘ft sides were cured, in four piles, with fine new meat salt for 25 
days, at the om\ of which time they contain(‘d 14 to Ifi pt‘rcent of salt. 
Ali were in good <*ondition except that the top piece of each ])il(* had 
become dry. Six of tlie sides, three from the maintenance-fed lambs 
and thr(*e from the twin full-f(*d lambs, were pn^served without further 
treatment. The skins from the full-fed lambs were thicker and heav¬ 
ier than those from the maintenance-fed lambs; tin* average* w(‘ights 
are given in table 1. 

The bend ar(*a, or about half of the* total area of th(*se skins, was 
shaved with a razor to remove the wool stubble*s. Part of this shaveel 
area was use*el foi* the e*stimation of ewstine anel sulfur after about 2 
years of stenage at the* Bureau of Che*mistry anel Se)ils, now the* Bure*au 
of Agricultural Chemistry and Engine'ering. 

EXPERIMENTS INVOLVING CYSTINE AND SULFUR CONTENTS 

ANALYTICAL PROCEDUHK WITH WOOL 

Analyses of the cystine content of the wool and of the cystine and 
sulfur contents of the* skins were made at Georgetown Univ^ersity. For 
conve‘niene*e of analytical work the woed from only six paire*el sets of 
lambs was takem. Analyses of the various sample's (from May 17 to 
July 24, 1934; were made by the same analyst without any knowh'dge 
of the significance of the particular sample's. 

Be*fe)re* analysis the individual samples of wool w'ere fre*ed from li- 
poieial matter t)y means of warm benzol according to the proce'dure 
re'commende'd by Rimington (16), For the analysis, air-dried samples 
of the benzol-fre*e water-washed wool were taken of the whole fibers, 
and also of the* wdiole* fibers cut into thirds. The subdivision was maele 
on the assumption that whatever difference might occur as a result of 
difference's in the diets would be manifested in the inner third of the 
fibers. 
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Tlie whole fibers were hydrolyzed with 20-percei)t hydrochloric acid 
for 6 hours in an oil bath maintained at 125° C. The individual thirds 
were similarly hydrolyzed. Cystine was determined in the respective 
hydrolyzati‘s by the Sullivan {17), the Okuda {IJf), the Folin-Alarenzi 
{9), and the total-sulfur methods, the last mentioned one being deter¬ 
mined by the Benedict {2) method. 

The cystine methods differ in their degree of specificity. The 
Sullivan method is one of high specificity for free cystine and "is nega¬ 
tive with cystim* tied or altered in any way. This method, in fact, 
reauir(‘s that the three groups of cysteine (formed from cystine by 
reauction) be unsubstituted and in the order as in natural cysteine, 
HS—(^Il 2 CH(NH 2 )COOH. It is negative with cystine amine, which 
contains no carboxyl group, and with homocystine, through which 
might pass inethionim* considered to be converted to cystine in the 
animal body. 

The Okuda iodornetric mcdhod gives a positive result with various 
disulfides, with cystine congeners in which the S-S linkage is still 
reducibl(‘ (such as cystine amine and homocystine), and with non¬ 
sulfur compounds of high n^ducing capacity. In hydrolyzates of puri¬ 
fied proteins in gcuieral, however, Sullivan and Hess {18) have found 
that tlie Okuda method clos<dy parallels the Sullivan method. 

Th(* Kolin-Marenzi method for cystine is less specific than the Okuda 
or the Sullivan methods and in a number of cases has been found to 
give too high cystine values {16, 17, 18). 

ANALYTICAL PROCEDURE WITH SKINS 

Th(' salted skins of three pairs of the lambs, after being cut into 
small pi(‘ces (diced), wwe extracted in a Soxlilet apparatus with ether 
freed from alcohol and peroxides. The fat-free skins were then ex¬ 
tracted with water until they were free from sodium chloride. They 
were' then filt(*r(*d by suction and drie<l in a desiccator over calcium 
chloride. 

The skins W(‘re hydrolyzed wdth 20-percent hydrochloric acid for 6 
hours in an oil bath maintained at 125° C. The hydrolyzates of the 
skins contained a considerable quantity of humin, in contrast to the 
wool hydrolyzates, which contained practically no humin. Accord¬ 
ingly, the skins were hydrolyzed in a reducing atmosphere, that is, with 
hydrochloric acid containing titanous chloride - a type of hydrolysis 
that was fouiul by Sullivan {17) and by Sullivan and Hess {19, 21) to 
prevent humin formation in a number of proteins. The procedure 
(unployed in the present case was as follows: Two grams of each finely 
cut skin was hydrolyzed for 4 hours with 4 cc. of 20-percent hydro¬ 
chloric acid and 2 cc. of 20-percent titanous chloride, in an oil bath 
maintained at 125° C. No humin was observed. The solutions were 
carefully neutralized with 5 N sodium hydroxide added dropwise wdth 
stirring, until no more blue precipitate (titanous hydroxide) occurred. 
After filtration, part of tin* filtrate was used for c,ysteine determination 
and part for the determination of the total sulfur of the hydrolyzate 
by the Benedict {2) method. 

RESULTS WITH WOOL 

Table 2 gives the data, obtained by the Sullivan method, for the 
cystine content of the whole fiber and the various parts of the fiber for 
each of the animals. Similar analyses were made by the Okuda, 

41-4 
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Folin-Marenzi, and total-sulfur procedures. Since all these findings 
corroborated, in general, those found by the Sullivan method, only the 
average results are given in table 3. 

Table 2. — Cystine content of wool from six pairs of twin lambsy one twin maintenance^- 
fed and the other full-fed {determinations by the Sullivan method) 

MAINTENANCE-FED LAMBS 


Lamb No. 

Cystine content of— 

1'reatment 
of wool 

Whole 

flb<»r 

Outer third 
of fiber 

Middle 
third of 
fiber 

Inner third 
of fiber 


Percent 

Percent 

Percent 

Percent 


1344_ . ... 

11.70 

11.55 

11.77 

11.21 

Skirted. 

1348 .- ... - -. 

11.57 

11.96 

10 11 

8 86 

Do. 

1430___ 

12 .39 

12.14 

11.10 

! 11.40 

Do. 

2030. . 

12 05 

12 03 

11 92 

1 11.13 

Unskirted. 

2260... ..-.- 

11.40 

11 49 

11.43 

11 28 

1 Skirted. 

2328__ 

11.49 

11 08 

11 62 

11 47 

1,0. 

Average.-.. 

11.77 

11.71 

11..32 i 

i 10.89 

1 


FULL-FED LAMBS 


1343... 

11.78 

11 02 1 

12 ‘M 

11 87 

! Unskirted. 

1349.. . . _ 

10 87 

10 39 

10.90 

11.47 

1 Skirted. 

1431. 

12 32 

ll.fVO ! 

11 99 

12 .55 

1)0 

2029 .. 

12.15 

11 91 

12 15 

12. 60 

i rn.sk irted. 

2259..... 

10 88 

11 17 

11.03 

10 42 

Skirted. 

2327... 

12.31 

10.93 

11 64 

13 29 

Do 

Average. 

11 72 

11. 18 1 

11 68 

12 03 



Table 3. —Average cystine and sulfur contents of wool from maintenance-fed and 
full-fed lambSy as determined by various methods 




Cystine content of— 

Method of determining 
cystine content 

Method of feeding lambs 

Whole 

1 ] 

i Outer third 

Middle 
third of 
fllH*r 

, Inner third 



fltHT 

j of fiber 

of filler 



Percent J 

1 Percent 

Percent 

Percent 

Sullivan___ 

/Maintenanw-fed. - - -- 

\ Full-fed 

11 75 
11 72 

11 70 
11 18 

ji 32; 
11 68 1 

10 89 

I 12 03 


Okuda---.-.- . 

/Maintenance-fed -- - 

11 94 

11.84 

11 .51 

11.13 

1 Full-fed. 

11 97 

11 39 

11 86 ! 

! 12.50 

Folin-Marenzl 

/Maintenance-fed.. - 

\ Full-fed .- - - 

13 01 
12.37 

12 .54 
12 48 

13 .32 1 
13 09 ' 

12 67 
14 51 

Total sulfur 1 .. 

/Maintenanoe-fed. 

\Full-fed-. 

12 45 
12.04 

12 24 
11 71 

1190 ; 
12 01 

; 11. .58 

12.90 


‘ The sulfur content of the wool isexpre.sseU as cystine by multiplying the value for total sulfur by 3.75, the 
factor to convert sulfur to cystine. 


In the hydrolyzates obtained by the Sullivan method the samples of 
whole fibers, both the long fibers from the lambs on the full diet and the 
shorter fibers from those on the maintenance diet, had, on the average, 
practically the same cystine content. Secondly, in the lambs on the 
maintenance diet the cystine content tended to decrease from the outer 
third to the inner third of the fibers, whereas in the full-fed lambs it 
tended to increase. 

The Okuda method gave, in these hydrolyzates, results of the same 
order of magnitude as the Sullivan method. In the Okuda method, 
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also, the average cystine contents of the whole fiber of both sets of 
lambs were practically identical. On the other hand, considering the 
average cystine content of the inner third of the wool from the lambs on 
the full ration as 100, that of the inner third from the lambs on the 
maintenance diet was 89. 

In a 6-hour hydrolyzate, the Folin-Marenzi method for cystine fre¬ 
quently gives values higher than that for total sulfur. This result was 
obtained in the hydrolyzates of the wool from a number of the lambs 
studied. Despite the impossible high values found in the hydrolyzates 
of some of these samples of wool, the findings by the Folin-Marenzi 
method were in general agreement with those of the Okuda and the 
Sullivan methods. Also, considering the cystine content of the inner 
third of the wool of the full-fed lambs as 100, that of the inner third of 
the wool of the maintenance-fed lambs was 87. 

Similarly, determining the total sulfur on aliquots of these hydroly¬ 
zates and computing this sulfur as cystine, as given in table 3, showed, 
on the average, practically the same percentages for the whole fibers of 
the lambs fed the maintenance and full diets. On the other hand, the 
cystine content of the inner third of the wool from the full-fed lambs 
and from those on the maintenance diet was in the ratio of 100:90. 

Every method of testing showed that the inner third of the wool 
fibers from the lambs on the full diet was about 10 percent higher in 
cystine than the inner third of the wool fibers from the lambs on the 
maintenance diet. 

In cross sections of the wool fibers, the diameters of the wool of the 
maintenance-fed lambs were less than those of the full-fed lambs, but 
there was no difference in the structure nor evidence of increased 
medullary space when the fibers were examined either in cross section 
or longitudinally by polarized light. It appears, therefore, that the 
lowered cystine content of the inner third of the wool from the main¬ 
tenance-fed lambs is the result of the change in the protein of the 
cort(‘x and not an increase of the medullary space and its associated 
constituents. 

RESULTS WITH SKINS 

As it vras found that the inner third of the wool from the full-fed 
lambs gave higher cystine and sulfur value than the inner third 
of the wool from the maintenance-fed lambs, a similar comparison of 
the relative cystine and sulfur contents was made of the skins of three 
maintenance-fed and three full-fed lambs. As stated previously, the 
ordinary hydrolysis with 20-percent hydrochloric acid gave a con¬ 
siderable quantity of humin, which called for decolorization and gave 
results for cystine slightly lower than wlu^n humin formation was 
prevented. The comparative results, however, were of the saine order 
of magnitude with the hydrochloric acid hydrolysis as with the 
hydrolysis involving hydrochloric acid containing titanous chloride. 
Since the latter is considered the better procedure, in the present case 
only the findings by this method are given in table 4. As determined 
by iodometric titration before and after reduction with zinc and 
hydrochloric acid (Okuda method), no cystine was present m the 
hydrolyzate. With cysteine as the standard the cystemo in the 
hydrolyzate was determined and computed as cystine. 
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Table 4. —Cystine and sulfur contents of the skins of maintenance^fed and 

full-fed lambs 

MAINTENANCE-FED LAMBS 


Lamb No. 

1 

Cystine content by — 

Total sulfur content 
in- 

Sullivan 

method 

Okuda 

method 

Skin 

Ilydrol- 

yzato 

1430 

1454.- . - . ... 

2260 . ... ... . 

A\mw‘ - - -- --- - . 

Percent 

0.66 

.45 

.79 

Percent 

0 67 
46 
.81 

Percent 

0 52 
64 
.54 

Per^'evt 

0 50 
.61 
.46 

.63 

65 

.,.7j .52 

FULL-FED 

LAMBS 


1431 . . -. - ... ... . 

1455.. 

2259.. - ---- .--- -. 

Averau»‘ . . . ..... j 

() 9H 
.70 
95 

ss 

1.00 

.71 

1 OJ 

.91 

0 75 
S2 

_ 

79 

0 71 
7t» 


Thm* were distinct clifferi^nces between animals, but the skins 
of the lambs on tlu‘ full diet individually and collectively pivc* much 
higher cystine and sulfur values than the skins from the lambs on 
the maintenance diet. The average ratio of the cystini' (‘ontiuit of th(‘ 
skins from the lambs on the latter diet to that of lh(» lambs on the 
former was 100:140 with the Sullivan colorimetric method and the 
Okuda iodomi'tric method. The ratio of the total sulfur of tin* skins 
for the two groups of lambs was, on the average, 100:139. The rela¬ 
tive agr(*ement of the two methods shows that no disulfide* (>tln*r than 
cystine was present. 

In the skins the cystine contains only part of tin* total sulfur. 
Although there is no information on the methionine cont(*nt of lamb¬ 
skins, the stratum corn(*um of human skin has b(*(‘n shown by Wilker- 
son and Tulane (^9) to contain at least as much methionine as cystiin*. 
The difference betwe(*n the two groups of exp(*rimental animals is 
brought out more* mark(*dly in tin* skins than in the wool from the 
lambs on the resp(*ctive dh'ts. 

There are, in biochemical literature, various analys(*s of tin* cystine 
content of human skin. Among these are the following: Abdi'rhalden 
and Zorn (/) for psoriasis scales, 1.85 perc(*nt; Wilkerson (2S) for 
human epidermal scales, 2.31 perc<*nt; Ecksti'in (8) and Block (4) 
3.82 and 3.40 percent, respectively, for outer layers of human skins. 
For human skin, Wilson and Lewis (30) report a cystine content of 1.8 
to 2.3 percent with no details as to wJiethor the skins were entire skins 
or mainly outer layers 

Since tin* lambskins utilized in the pr(*sent work contain closely 
packed wool roots and included inner and outer skin and connective 
tissue, it seems a questionable procedure to compare the results with 
the work of others. However, mention is made of one analysis, by 
Sullivan and Hess,* of a sample of the entin* skin obtain(*d from a man 
accidentally killed. The skin sample fret'd from fat by acetom* and 
other (*xtraction, and analyzed by the methods used for the lambskins, 
gave a cystine value of approximately 0.9 percent, a result comparable 
with that of the skins from the lainfes on the full diet. 


» Unpublished data. 
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EXPERIMENTS INVOLVING HISTIDINE. LYSINE, AND ARGININE 

CONTENTS 

Since there was such a marked difference in the contents of cystine 
and total sulfur in the skins from the twin lambs on the two levels of 
feeding, it was considered desirable to determine the contents of the 
basic amino acids histidine, lysine, and arginine. Although several 
investigators—Wilkerson (^8), Eckstein (8), and Block (4)—have 
r('ported on those three amino acids in human skin, no work on the 
basic amino acids of lambskins has come to the present authors^ 
attention. Vickery and Block (24) found that wool contained 0.66 
percent of histidine, 2.3 percent of lysine, and 7.6 percent of arginine, 
and later (25) report(‘d the molecular ratio of these thre(‘ amino acids 
for wool to be 1:4:12. 

ANALYTICAL PROCEDURE 

Analyses for histidine, lysine, and arginine were made of the whole 
fib(U*s of the wool from one pair of twin lambs: Lamb No. 1430, on the 
maintenance* diet; and No. 1431, on the full diet. The methods used 
were tlios(» of Vickery and Leavenworth (26, 27), including the modi¬ 
fications introduced by Vickery and Block (25) and Block and 
Vickery (5). 

Shnilar analyses were made* of the skins of two pail's of the twin 
lambs. The skins, which, as previously stated, had been preserved in 
rock salt, w(»r(* handled as follows: All of them were defatted with 
anhydrous peroxide-free ether. To determine the effects of the salt 
on the analytical results, a portion of each skin from one of the two 
pairs (Nos. 1430 and 1431) was then washed with water to remove the 
salt, dried in a desiccator over calcium chloride, and hydrolyzed with 
8 N sulfuric acid. The remainder of these two skins and tlie second 
])air W('r(* similarly hydrolyzed without b(*ing washed. 

The histidine and arginine were isolated as the flavianate and the 
lysine as the picrate. The percentage of each amino acid was calcu¬ 
lated from tin* weight of the drie<l flavianate and picrate. 

RESULTS 

In the wool analyses, the percentages of histidine, lysine, and 
arginint* were 0.71, 2.64, and 9.47, respectivedy, for the maintenance- 
fed lamb and 0.71,2.66, and 9.57 for the full-fed lamb. The molecular 
ratio of these* amino acids is 1:4:12, as found by Vickery and Block. 
Tin* histidine and lysine contents of the wool were similar to those 
given by Vickeiy’^ and Block (24)• The arginine content was higher 
than that obtained by these investigators but is in better agreement 
with that (10.4 percent) reported recently by Vicker}" (£S) and 
obtained by the use of the difiavianati* method. 

Table 5 gives the results of the analyses of the skin after corrc'ction 
for the moisture and ash in the skin samples. 

The table shows that the washed and unwashed samples gave values 
of the same order of magnitude for histidine, lysine, and arginine. In 
other words, the presence of 14 to 16 percent of salt in the samples 
made relatively little difference in the analytical results. Although 
there is some variation in the percentages of histidine, lysine, and 
arginine in the skins from the full-fed and maintenance-fed lambs, the 
molecular ratio is of the same order of magnitude for both pairs of 
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lambs, being 1:4.4:16 for the unwashed skins of the full-fed lambs and 
1:5.2:16 for those of the maintenance-fed lambs. 


Table 5. —Histidiney lysiney and arginine contents of the skins of maintenance-fed 

and full-fed lambs 

MAINTENANCE-FED LAMBS 


Lamb No. 

Treatment of .skin 

Histidine 

Lysine 

Arfdnine 

1430 .. -- 

If Washed.. .... 

Percent 

0.71 

.66 

.93 

Percent 

3.36 

3.12 
3.95 

Percent 
\ 11.92 

12.46 
17.40 

|\Unwashe<l... 

2260 . 

Unwashed..... 




FULL-FED LAMBS 


1431. 

2269. 


[Washed-- 
[Unwashed 
Unwashed 


0.73 
.74 
.82 


3 49 
3. 42 
3 36 


11 m 

13 49 

14 97 


Hess (1^) has shown that the molecular ratio of histidine:lysine:ar¬ 
ginine in normal fingernails is of the same order of magnitude (1:6:13) 
as in arthritic fingernails, whereas, on the average, the cystine content 
of arthritic fingernails was markedly lower than that of normal finger¬ 
nails, as reported by Sullivan and Hess (20). Much the same result 
is obtained in lambskins. The cystine and sulfur contents of the skins 
of the lambs on the maintenance diet were markedly lower than those 
of the lambs on the full diet. On the other hand, the histidine, lysine, 
and arginine values are of the same order of magnitude in both sets of 
skins. Likewise, though the individual skins may differ in the content 
of the amino acids, the molecular ratios of the basic amino acids histi¬ 
dine, lysine, and arginine are relatively constant. The findings for 
the skins tend to support the conclusion of Block (3) that tissue pro¬ 
teins are built upon or around an “anlage/’ of relatively fixed propor¬ 
tions of histidine, lysine, and arginine and agree with the ratio found 
by Wilkerson (28) lor the stratum conieum of human skin. 

SUMMARY 

From October 1933 to February 1934, at the United States Depart¬ 
ment of Agriculture, Beltsville Kesearch Center, Beltsville, Md., nine 
Ramboiiillet wether lambs, each being one of a pair of twins, were 
full-fed. The others of the nine pairs of twins received the same diet 
but in quantities that permitted only a slight gain in weight. 

The wool collected separately from six pairs of the lambs was ana¬ 
lyzed for cystine, at Georgetown University, Washington, D. C., by 
the Sullivan, Okuda, Folin-Marenzj, and total-sulfur methods. The 
sulfur content of all the fibers was likewise determined. 

All the methods employed agreed in showing that the wool of the 
lambs on the maintenance diet contained approximately 10 percent 
less cystine in the body third of the fibers than did the wool of the 
lambs receiving the full diet. This reduction was in the protein of the 
cortex, since examination of the fiber failed to show evidence of in¬ 
creased medullary spaces in the wool fibers of the maintenance-fed 
lambs. 

The cystine and sulfur contents of the skins of three pairs of the 
lambs were likewise determined. The skins of the lambs on the full- 
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fed diet contained markedly more cystine and sulfur than those of the 
lambs on the maintenance diet. The effect of the maintenance diet 
showed more markedly in the skins than in the wool from the lambs 
on the two diets. 

The data indicate that low levels of feeding influence not only the 
quantity of wool but also the quality, as measured by the cystine 
content. 

As a result of the marked difference in the cvstine and total sulfur 
contents of the skins from the lambs on the two levels of feeding, deter¬ 
mination of the contents of the basic amino acids histidine, lysine, and 
arginine were made with the skins and wool of several pairs of the 
lambs. As judged by the findings from two pairs of lambs only a 
slight variation was found in the contents of these amino acids in 
the lambskins. The molecular ratio of histidine : lysine : arginine was 
approximately 1:5:16. As judg:ed by the analysis of the wool of one 
pair of lambs the basic amino acids of the wool were of the same order 
of magnitude for the two levels of feeding. The molecular ratio of 
histidine : lysine : arginine was 1:4:12. 
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DIGESTIBILITY OF NUTRIENTS IN FOUR VARIETIES 
OF SWEETCLOVER HAY^ 

By Jerky Sotola 

Associate animal husbandman, Washington Agricultural Experiment Station 

INTRODUCTION 

A widespread interest in sweetclover (MelUotus alba Desr.) as a 
pasture and a hay crop with the resultant testing of improvc^d strains 
and varieties has led to a study of the digestibility of the organic 
nutrients in four biennial varietic^s of this legume. Digestion experi¬ 
ments of 10 days' duration, each preceded by a 10-day preliminary 
period, w(^re carried out with yearling ewe lambs fed sweetclover hay 
produc(Hl in 1937. The first- and second-year crops of Alpha 1, 
Grundy County, Arctic, and Common White varieties were grown 
simultaru'ously during 1936 and 1937 and their chemical composition 
determined. These studies were designed to measure the chemical 
and digestibility difterences in the four varieties of sweetclover. 

DESCRIPTION OF SWEETCLOVER VARIETIES 

The following varities were selected for investigation: Alpha 1, a fine- 
stemmed, low-growing, low-branching, leafy varit^ty sometimes used 
as an orchard cover crop; Grundy County, a leafy, coarse-stemmed, 
dwarfed type; Arctic, a tall-growing, high-branching variety with 
a low leaf jxTcentage; and Common White, a tall-growing, high- 
branching, coarse strain with a low leaf percentage. Both the first- 
and second-year crops of each variety were harvested during 1936 and 
H)37 in order to take account of any diffiTcnces in climate and soil that 
might hav(' occurred during the two seasons. A height of 36 inches 
was tak(*n as the standard at the time of cutting for the first-year 
stands, and the early bud stage for second-year stands. A 2-inch 
stubble was left each year. 

REVIEW OF LITERATURE 


(Jarber and his coworkers {2) show that when second-year sweet- 
clov(U- is cut for hay in th(‘ prebud stage it makes a more vigorous re- 
covt*rv than wIkmi cut latcu*. They point out that to make the best 
liays, sweetclover should not be permitted to show fiower buds before 
it is harvi^sti'd. It is important that the second-year crop be cut so 
high that a nc'W growth will develop. This is in agreement with the 
recomnumdations of Lloyd {Jf), 

Willard's (*xu(‘rimcnts (S) show that sweetclover hay contains 50 
to 60 percent of loaves in the fall of the first year and only 25 to 35 per¬ 
cent during the second year. Hawk ^ reports the leaf yield of the first- 
year crop to b(‘ 47 percent for the Alpha I variety, 61 percent for 
Grundy County, and 47 percent for Common Tall Wliite. Second- 


* Uomved for ])ublK*atioii Juno 2l), 1941). 1‘ublishod as Sciontinc Pa|H‘r No. 4)>3, Colloge of Agriculture 
and Kxporimonl Station. State CoIIoko of Washington. 

^ Italic numbers in parentheses refer to Literature Cited, p. K91. 

* Hawk, V. B. thk effect of ci.tpriNO on the yield and nitrogen content of sweetclover. 90 pp. 
1938. (MavSter's thesis Copy on file Wash. Stale Col. Libr.J 
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year crops were found to yield 42 percent for Alpha 1, and 31 percent 
for Common Tall Wliite. 

McMichael ^ has shown that Common White sweetclover should not 
be cut for hay after the latc-bud stage, because in the more mature 
stages the proportion of fiber to protein increases rapidly. Neidig and 
Snyder (5) studied sweetclover clippings and observed a high dry 
matter and low protein content in the more mature stages. 

At the Ohio Experiment Station (6) sweetclover contained an 
average of 8.13 percent of ash, 17.31 percent of protein, 1.18 percent of 
calcium, and 0.28 percent of phosphorus on a water-free basis. It 
ranked well with other legumes in its content of calcium and phos¬ 
phorus. 

Lindsey and his coworkers {3) fed green sweetclover to young sheep. 
The samples of forage averaged 84.5 percent of water, and the dry 
matter contained 7.08 percent of ash, 19.4 percent of protein, 30.29 
percent of fiber, 40.1 percent of nitrogen-frec' extract, and 3.13 percent 
of fat. When this clover was fed in the early blossom stage*, the sheep 
digested 69.05 percent of the dry matter, 76.93 percent of the protein, 
69.57 percent of the fiber, 69.03 percent of the nitrogen-free extract, 
and 50.10 percent of the fat. A slightly later stage showed a dig(*sti- 
bility of 69.64 percent dry matter, 79.21 percent protein, 49.95 percent 
fiber, 68.48 percent nitrogen-free extract, and 52.28 percent fat. Re¬ 
sults of tests with the later stage showed a marked decrease in dig(*s(i- 
bility of crude fiber. The experiment showed a high utilization of the 
sw’eetelover nutrients in a stage* just previous to blooming. 

CHEMICAL COMPOSITION OF FORAGE SAMPLES 

The composition of the water-free samples is shown in table 1. The 
moisture in the air-dry samples is also indicated. First and s(*cond- 
year Grundy County samples w^ere higher in protein than the other 
varieties. In all but one instance the second-y(*ar samples contained 
more crude* fiber. The calcium and phosphorus figure*s an^ v(*ry similar 
to those previously reported by the author (7) for alfalfa hay. 

Table 1. -Composition of water-free samples of sweetclover hay of four varieties 
harvested in 1936 and 1937 


Crop aiifl \ anrty 


193fi CTop- 

Alpha 1- - - 

Grundy ('ounty . 

•Arctic . 

Common White., 
1937 crop 

Alpha 1 .. - 

Grundy County.. 

Arctic_ 

Common White* . 



Moi.s- 


Chemical c*om(H>sition of dry matter 










Year's 

growth 

ture in 
air-<iry 
samples 

A.sh 

Cnide 

I>rot<*in 

Crude 

N -free* 

Ethe*r 

Cal- 

l*he)S- 


(NX 

fiber 

extract 

estract 

cium 

r)horus 




6 2.5) 






Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

/First. . 
ISeeond 

6 47 

8 65 

13.82 

34 09 

41.28 

2 16 

1 2(5 

0 31 

7 92 

8.93 

15 73 

.30 85 

42.36 

2 13 

2 37 

32 

/First 
(Second . 

6. 73 

10 09 

17.05 

26. 72 

43.02 

3 12 

1 80 

. 35 

6.93 

8 94 

16 83 

33 .53 

.39 o:i 

1 67 

1 59 

32 

/First 
lSec*ond ... 

6 4M 

8 97 

14 83 

31 14 

42 36 

2 70 

1 65 

.32 

7.21 

8 68 

14.48 

38 40 

37.01 

1.43 

1 ,56 

:)0 

/First .... 
(Second_ 

6. 76 

9. 57 

15.69 

29.93 

42 8.5 

1 96 

1 68 

.32 

7.34 

8 87 

15 59 

31.69 

40.66 

3 19 

1.87 

.31 

/First . 
\8t»cond 

16. 81 

9 17 

15.00 

32.10 

41.00 

2. 73 



17.61 

9 40 

14 28 

3:1.69 

40.46 

2 17 



/First . .. 
(Second_ 

19 57 

9 31 

15 67 

29 65 

42 77 

2 70 



19. 73 

9.61 

17,78 

29.75 

40.90 

1 96 



/First ... 
(Second 

16. .57 

9 76 

14 56 

30.82 

42,26 

2.60 



17. 15 

8.91 

14.16 

38.14 

37 14 

1.66 



/First_ 

(Second . 

18.29 

9.48 

14.81 

32.76 

40. 36 

2. .59 



23.46 

8 69 

14.66 

33 96 

40.87 

1 82 

... 



* McMichaei-, S. C. the aoronomic value of vabietikh of biennial white HWEETCLOVER. 66 pp. 
1932. (Master's thesis. Copy on file Wash. State Col. Libr.] 
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Table 2.— The apparent digestibility of 4 varieties of sweetclover hay when fed to lambs 


Variety 

Year’s 

growth 

Lamb No. 

Live weight 
of lambs 

Daily dry-matter intake 

Apparent digestibility 
of— 

Additional 
data for 
1937 crop 
compute 
to a 10 iier- 
cent mois¬ 
ture basis 

Initial 

Final 

Dry matter 

Protein 

Cruiie fiber 

% 

s 

1 

y. 

Ether extract 

0 c 

11 

II 

2 6 

5- *2 

- = l 

«—a 
o-a s 
H 




Ki/o- 

Kilo- 


Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 




gram» 

1 

i 

I 

1 

cevt 

cent 

cent 

cent 

cent 

cent 

cent 



fl--.- ... 

36 7 

34.9 

255.4 

43 

65 

40 

55 

31 





2_ 

45.4 

44.4 

499.1 

57 

74 

41 

67 

43 




First 

3.. 

49.4 

49.4 

711 3 

56 

73 

40 

66 

40 

I 




. Average. 




52.0 

70 7 

40 3 

62.7 

38.0 

8.80 

46.13 




34.9 

35.1 

490 2 

55 

65 

47 

63 

31 





2 

45.1 

44 4 

404.9 

55 

67 

46 

63 

27 

\ - 



Isecond.. . 

f 

48 8 

49.2 

705.3 

54 

67 

45 

62 

20 

1 




1 A\eragc 




54 7 

66.3 

46.0 

62 7 

26.0 

9.38 

47.18 



f4_ 

51 3 

.W.3 

667.0 

58 

72 

47 

67 

42 

1 





49.7 

5tt.8 

649.2 

57 

70 

43 

67 

45 




/First. 

. ... 

54.9 

52 6 

679 6 

57 

72 

42 

67 

4<> 

1 


OruiuJy County 


1 Average 


- 


57 3 

71.3 

44.0 

67 0 

44.3 

10 94 

50. 25 

White. 


f4_ 

49 9 

49 9 

665 7 " 

62 ~ 

74 

51 ^ 

70 

29 

1 




ft. 

54.9 

53.5 

6^8.3 

58 

73 

45 

66 

29 



1 

VSecfmd ... 

f -- 

50 4 

.*)() 6 

647.9 

56 

70 

40 

65 

30 

1 




1 .\verage 




58 7 

72.3 

45 3 

67 0 

29.3 

10.95 

49 30 




49.4 

49 9 

688.3 

ifiO 

74'"‘ 

45 

69 

44 





1 15 

53 1 

52 6 

700 8 

'57 

73 

42 

67 


- 



/First. 


51 0 

51 0 

675.8 

^7 

73 

42 

68 

40 

1 




1 Average 



_j58.0 

73 3 

43.0 

68 0 

40 7 

9 78 

50 01 

Arctic ___ 


[4 

47 8 

49 7 

683 5 

j56 

66 

52 

61 

21 





5_ . 

52 H 

52 S 

695 9 

153 

67 

45 

59 

28 




VSecond-... 


49 9 

51 5 

671.1 


65 

47 

.57 

28 

1 




1 Average 

I ; . 


|54 0 

66 0 

48 0 

59.0 

25.7 

8 61 

45. 59 



ft . 

1 m 2 

37.2 

165.7 

153 “ ' 

71 

37 

61 

44 

1 





] 47 6 

45 4 

488.5 

'55 

73 

40 

63 

45 

1 - 



/First_ 

f 

1 49 0 

47 8 

699 8 

|57 

73 

45 

67 

39 

1 




1 .\\erage 




55 0 

72.3 

40.7 

!63.7 

42 7 

|lU,2l 

47.44 














V (uTiiiion » niip «• 

i' 

ft.. 

37.'2" 

ivi 1 

425.3 

50 

62 

41~ 

59 

7 




I 

2_ . 

1 46 3 

44 7 

457.6 

48 

65 

35 

58 

20 




isewnd 

! 1 

. 

1 

‘ 49 9 

48 5 

655.5 

49 

64 

38 

58 

11 

.1 



1 

1 i 

(1 Averaee 




j49.0 

63 7 

38.0 

58 3 

|r2T 

1 8.93 

41 94 


DIGESTION EXPERIMENTS 

Records of sheep weights and feed intake are summarized in table 2. 
Tlie same group of lambs was fed both the first- and second-year 
forage samples of any particular variety in the digestion experiments 
in order to equalize individual differences. The dry-matter intake 
during each trial for each lamb in any series was approximately the 
same (with the exception of lamb 1, trial 1) so that anjr differences in 
digestibility that might be attributed to unequal feed intake were re¬ 
duced to a minimum. The records show quite a uniform relationship 
of w'ater to dry-matter intake. The protein in the feces ranged from 
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4.07 to 6.71 percent, the dry matter from 38.40 to 64.10 percent, and 
the ash from 4.25 to 7.96 percent. 

The coefficients of apparent digestibility obtained from 24 individual 
digestion experiments with lambs are contained in table 2. Averages 
computed for each trial were used in computing the digestible nutri¬ 
ents of the forages studied. 

The r(»sults with Alpha 1 sweetelover show a higher dig(»stibility of 
protein and fat in the first-year hay. The fiber and dry matter were 
digested slightly b(‘tteu* in the second-year hay, no differences being 
indicated for the nitrog(Ui-free extract. 

With the exception of fat, which was digested bettiu* in tin* first- 
year crop, the nutrients of Grundy County sw('(dclov(‘i’ w(‘r(' as well 
digested in the first-year as in the second-year growth. 

Arctic sweetclov(T showed a higher digestibility of dry matter, pro¬ 
tein, nitrogen-free extract, and fat in the first-year growth llian in that 
of the second year. The reverse relation was triu' for crud(‘ fiber. 

Common Wliit(» sweedclover of the first-year growth had higher co¬ 
efficients of apparent digestibility for dry matti'r, protein, nitrogen- 
free extract, and fat, than those obtained by fecaling tin* si'cond-year 
crop. 

Grundy County sweetelover appcain^d to be the only variety stiulicul 
in which the nutrients of the first-year growth wen^ not (lig(‘st(Hl b(‘tt(‘r 
than those of the second-y(»ar growth. 

The percentages of digestible crude protein and total dig(‘stihle 
nutrients in the eight samples of hay fed <hiring the digc'stion exp(*ri- 
ments are contained in table 2. In order to faeilitaii' comparisons of 
varieties on a more practical basis, the composition of tin* forag(‘ 
samples was adjustcal to a 10-percent moisture content. 

In 1934 the author (7) r(*ported average* results for thr(*(‘ cuttings of 
northern-grown, common alfalfa, containing 10 peTcent of moisture. 
The digestible protein totaled 9.77 percent and the* total dig(‘stihl(* 
nutrients 48.43 perc(*nt as determined with sheep. A comparison of 
the eight samples of sweetelover hay with the nutrients in alfalfa 
{Medicago satwa L.) valued as 100 percent is shown in tabl(‘ 3. 

Table 3. —Average digefitibility of protein and total digestible nutrieuts in ,i cutting'^ 
of northern-grown alfalfa hay as compared with averages for S samples of street- 
clover hay of 4 varieties. 


[VaUu'S for alfalfa^ UK)] 


Hav 


Alfalfa (nortln*rn*prrown, common) 
Sweetelover variety 

Alpha I.- - 

Grundy County 
Arctic - - 

Common White 


'total 

Year's nr(»w 111 . Proli'in ' dipestihle 

, i nutrients 



1 KK) (1 ; 

1(H) 0 

[First 

1 W) I i 


1 Second 

, W) 0 ! 

97 4 

[First 

1 112 0 

i():t H 

(.Second 

i 112 I i 

iOl s 

f First 

! 1(H) 1 

103 a 

(Second 

1 KS 1 ' 

\H 1 

fFirst 

1 104 1 

98 0 

(Second 

{ 01 4 

80 0 


The table shows second-y(*ar Common White sweetelover to be the 
lowest in total digestible nutrients of the eight forage samples. 
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SUMMARY AND CONCLUSIONS 

First- aiul soeond-yoar crops of four biennial varieties of sweetdover 
were studied in digestion experiments with lambs. 

The nutrients of Alpha 1 and of Grundy County White were as well 
digested in th(i first- as in the second-year hays. Second-year Arctic 
had a lower digestibility of dry-matter, protein, nitrogen-free extract, 
and fat than did the hrst-year sample. First-year Common White 
was superior to the second-year crop because the protein and especially 
the crude fat W(Te better digested. The digestible protein of the 
(dght forages reduced to a lO-pereent moisture basis ranged from 8.6 
to 10.95 perccmt, and the total digestible nutrients from 41.94 to 
50.25 percent. 

With r(‘spect to dig(‘stible protein the hays ranked in the following 
order: Second-year Grundy County, first-year Grundy County, first- 
y('ar Common White, first-year Arctic, second-year Alpha 1, second- 
year Common White, first-year Alpha 1, and second-year Arctic. 

Tli(‘ ratings in respect to total digestible nutrients were as follows: 
First-year Grundy County, first-year Arctic, second-year Grundy 
County, first-year Common White, second-year Alpha 1, first-year 
Alplia 1, second-year Arctic, and second-year Common White. In 
each cas(* first-y(‘ar crops occupy three of the fimt four places. The 
sweetdover hays contained from 88.1 to 112.1 percent as much di¬ 
gestible crudi* protein and 86.6 to 103.8 percent as much total di¬ 
gestible nutrients as a good grade of alfalfa hay. 

First- and S(*cond-year Grundy County, first-year Arctic, and first- 
year Common White were th(‘ ranking varieties in regard to feed value 
when both protein and total digestible nutrients were considered. 
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